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ABSTRACT

SCOPE - Program requirements cover manufacturing methods and technology

encompassing a determination of materials, processes, and related

techniques to improve producibility thereby enhancing manufacturing

methods to achieve a significant reduction in production cost of

R.F. Power Amplifier Modules. The requirement includes the fabrication

and test of proof of process of 25-100 watt R.F. Microwave Hybrid Modules.

The foregoing amplifiers featured the enhanced materials, processes,

and techniques evolved under this program which achieved reduction of

total cost of product.

The achieved design is directly applicable to the production desiqn

of the AN/TPS-59 Solid State Radar system with direct benefit to a wide

family of other Solid State Radars and other systems which may use

similar R.F. Power Modules. Because several hundred of these R.F.

power modules are used per system, the cost savings resulting from

this program are significantly multiplied and provides a very favorable

payback on MM&T investment.

APPROACH/SOLUTIONS - At the outset of the program, the materials,

manufacturing and test/tune methods being used for fabricating power

modules at that time were reviewed with respect to their yielded final

cost. This resulted in identifying the following specific areas for

improetnt development work: All of the peripheral processes related

to the Direct Bond Copper process, the hermetic glass seal between

the ceramic frame and the substrate, the lid seal process and the final

testing and tuning method.

/

RESULTS - Many of the improvements resulting from this program have

been implemented at the General Electric Company - MESO Hybrid Facility

in Syracuse, New York for the present production of AN/TPS-59, SEEK IGLOO,

U.K. and Q.M. Solid State Radar Systems. A very favorable payback ratio

of 69.9:1 was achieved on the MM&T investment.
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I. SCOPE

Program requirements cover manufacturing methods and technolony

encompassing a determination of materials, processes, and related

techniques to improve producibility thereby enhancing manufacturina

methods to achieve a significant reduction in production cost of

R.F. power amplifier modules. The requirement includes the

fabrication and test of proof of process assemblies as follows:

Quantity 25 each R.F. Power Module (100 watts, minimum)

for use in Radar Set AN/TPS-59.

The foregoing amplifiers feature the enhanced materials,

processes, and techniques evolved under this program which thereby

achieve reduction of total cost of product. The achieved design

shiall be directly applicable to the production design of the AN/TPS-59

radar set with direct benefit to a wide family of Solid State Radars

(SSR) and other systems which may use similar R.F. Power Modules.

2. APPLICABLE DOCUMENTS

2.1 The following documents, of the issue in effect September '79,

form a part of this program to the extent applicable:

MIL-STD-490: Specification Practices

MIL-STD-1556: Government/Industry Data Exchange Program,

Contractor Participation Requirements

2.2 Dwg. No. 77C716283 Rev. "B" - R.F. Power Module - Appendix "A"

Dwg. No. 77AI00244 dated 11 Nov.'80 Specification - Appendix "B"

3. REQUIREMENTS

3.1 Background. The impact of establishing this new technology will

be on the acquisition cost of SSR's such as AN/TPS-59, Seek IGLOO,

UNITED KINGDOM, QM and others which may be purchased by DOD or its

Allies. Of course, systems such as IFF and TACAN which may also use

such R.F. power modules may also benefit from the results of this

program. Because several hundred R.F. Power Modules are used per

system, the derived cost benefits are significantly multiplied

providing good payback potential.



1 3.2 Related Develppnient. We are presently in production on the subject

100 W. R.F. Power Modules and have carried out this MM&T program

3 in parallel. Consequently most of the developed improvements have

been implemented on present on-going production product.

3.3 Approach/Solutions. At the outset of the proaram, the materials,

manufacturing and test/tune methods beinq used for fabricatinq

power modules at that time were reviewed with respect to their

yielded final cost. The specific areas identified for improvement

jdevelopment work were:

A. All of the associated peripheral processes related to the

General Electric Co. patented Direct Bond Cooper (DB Cu)

operations. See Appendix "C" for a description of the DB Cu

process.

C. The air fired hermetic glass seal between the ceramic frame

(or wall) and the substrate; change to a nitrogen fireable glass.

C. The presently used solder clad F-15 Alloy (KOVAR) lid- change

to a plain nickel plated F-15 Alloy lid.

D. The manual testing and tuning of the module; change to a semi-

automated test/tune system.

To verify the reliability of these improvements build 25

electrical working modules incorporating these improvements and

subject them to the full qualification tests to verify that the

product has not been compromised by virtue of these changes.

Each of the above five tasks were broken down into subtasks

for milestone scheduling and reporting in conjunction with the

written monthly reports (Exhibit "A" five sheets, typical set

jof monthly milestone reports).

The objective of performing all of the tasks described below

is to reduce the total cost of producing 100 W. R.F. Power Amplifier

Modules thereby reducing the acquisition cost of SSR systems. The

approach to reducing costs encompassed a study of the basic materials

used for fabricating the modules, looking at the material cost vs

the function it performed. Manufacturing methods were also studied

with relation to labor cost for achieving desired function. Total

9



manufacturing cost has to include the costs associated with yield

losses, level of skill required to perform tasks and other

uncontrolled labor variables. As a result of these initial cost

studies, the paragraph 3.3.1 MM&T tasks and subtasks were identified

for development activity.

3.3.1A DB Cu Peripheral Process Improvement Subtasks

To aid the reader in identifying the tasks a photograph

(Fig. 1) of the assembled 2" x 3 1/2" module is shown without its

lid. Figure 2 is a sketch more specifically showing the DB Cu

elements of the package. Three mil DB Cu is applied in separate

operations to the bottom ground plane of the substrate and to the

top of the ceramic frame. The DB Cu process is also used for the

16 ground feed through pin connections of the thick film copper

microstripline circuit to the ground plane (see Fig. 3).

Additional DB Cu associated work is required for obtaining

R.F. shielding along the two 3" long sides of the ceramic frame.

This shielding is accomplished by making use of the technique in

direct bond copper which permits unbonded sheet copper to overhang

the bonded surfaces. Using this feature, the ceramic frame is

bonded with overhanging copper along its sides. By usinq direct

bond copper on the bottom of the substrate for the ground plane

and allowinq it to extend beyond the sides of the substrate, we

subsequently (after glass sealing of ceramic frame to substrate)

lap-solder join the bent-down unbonded sheet copper from the top

of the ceramic frame to join the bent-up unbonded copper sheet

from the bottom of the substrate. This technique very effectivefly

provides shielding along two sides of the module.

Although the DB Cu process was implemented on the modules

being built at the outset of this program, there was excessive labor

and yield cost associated with these processes. The actual bonding

operation consumes very little time, the major labor effort was in

preparation (cleaning and pre-oxidizing) and trimming after bonding.

10



I
Therefore, to meet the program's objective of enhancing the

producibility of the module, the DB Cu process steps identified

as having potential for improvement were listed and niven further

study. After performing an initial screening of the many areas

identified for possible improvement, five subtasks were selected

for development. The below listed subtasks were selected on the

basis of technical feasibility of successful implementation within

the limits of the time and funds available under the contract.

l 3.3.lAl Improve the methods for cleaning and chemically oxidizing copper

prior to DB.

l 3.3.1A2 Pre-blank copper sheet to final size and develop fixturinq for

proper location to ceramic.

3.3.1A3 Replace cylindrical copper ground feed through pins with spherical

copper feed throughs.

3.3.1A4 Improve the method for removing the copper oxide formed after air

firing glass seal.

I 3.3.1A5 Automate feed through pin continuity test.

I 3.3.11 Chanqe from Air Fired Sealing Glass to Nitrogen Fired Glass

Considerable time was required, and yield loss occurred in the

outset process of deoxidizing both the thick film and direct bond

copper after glass sealing. Oxides are formed when t he metalized

ceramic frame is hermetically glass sealed to the metalized substrate

with an air-fired crystalized glass at 400°C plus (Figure 2). It

I was proposed and the task defined to develop a class of low-

temperature crystalizable glasses which are fireable in nitroqen.

If successfully implemented, considerable labor savings would

accrue and yield loss would be reduced by virtue of eliminating

the chemical etching and mechanical abrasion required to remove

I
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the oxides to render the copper solderable. It was recoqnized

that improved control and inspection would be required for this

development to assure that losses do not occur later in processing

or, more seriously, that they do not occur much later in the field.

To develop an improved glass seal material and process, the

task was split into two subtasks:

3.3.1Bl Search literature for possible improved glasses and/or processes

and evaluate.

3.3.1B2 Develop test method for evaluating candidate glasses.

3.3.1C Change lid from solder clad Alloy F-15 (KOVAR) to plain plated

KOVAR. As previously stated (paragraph 3.3.1A), we have already

implemented the process for applying direct bond copper to the top

of the ceramic frame, which is later followed by a solder dip

operation coating the entire substrate assembly, including the

top sealing surface of the ceramic frame, with solder. Our present

process uses a KOVAR lid clad with solder on the sealing side for

making the final hermetic seal (Figure 2). It is proposed that

plain nickel-plated KOVAR alloy lids be used, since there is ample

solder on the sealing surface from the solder dip operation. The

cost savings which would accrue by this development would be in

materials. We presently procure this solder clad KOVAR alloy

as a custom-made material at considerable extra cost, plus long

lead time. The successful implementation of the plain KOVAR lid

approach will reduce material cost and lead time, and provide a

seal with greater integrity due to less solder at the seal interface.

3.3.2 Develop improvements in the semi-automated test/tune software and

integrate into hardware. The equipment in place at the outset

of this program was a manual test station for tuning modules

requiring approximately five hours for complete alignment and testing

of a module. This total evaluation time consists of:

12



1. Initial tune and placement of necessary tuning elements.

2. Evaluation of finalized soldered circuit adjustments.

3. Complete preseal data evaluation.

4. IR scan of transistor junctions.

5. Postseal data verification.

6. Signal time delay measurement.

This sequence was accomplished by movement of each module

through two separate test stations and an IR microscope position.

On a large percentage of amplifiers, two tuning iterations had to

be accomplished before junction temperature and/or phase performance

specifications were met. The movement of modules between test

stations and the accompanying multiple set-up operations are large

contributinq factors to total test time. The set-up used separate

analog voltage, current and power measuring instruments. All

wirino and cabling was accomplished at the front of the instrumentation

I and most instrument adjustments were analog. The test method and

procedures were not efficient, in that they require many hand

movements and visual operations at several points in the overall

tuning and testing program. Among these were the setting of five

discrete frequencies at several points in the tuning and testing

cycle, switching to a swept mode after each step to assess changes

on overall circuit performance, switching to various pulse width/

duty cycle templates, multiple instrument settings to determine

spectral and harmonic rejection performance and multiple frequency

time delay evaluation. In addition to these measurements, the operators

had to constantly check their equipment manually to reset for the

effect of temDerature and instrument drift, and monitor and set

analog voltages and current levels.

After data had been collected and recorded manually, it was

reduced and certain parameters such as efficiency and junction

temperature computed from the raw data. This was done manually

using a hand calculator with all data recorded on data sheets.

The task defined under this contract was to utilize the

contractor-furnished semi-automated module tuning, testing and data

collection system facility to develop methods and processes for

1
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use with the R.F. power module. This was to be accomplished in

conjunction with the qualification testing and evaluation of

mechanical and R.F. module samples specified in paragraph 3.3.3.

The judgment factor and decision making requirements of the

tuning procedure will require continuous operator-equipment

interface and will probably remain largely a manual operation.

The equipment level setting, template selection and data

accumulation will be automated whenever possible or reduced to

a single pushbutton operation.

The entire tune and test sequence will be controlled by a

microprocessor programmed to interact with the station operator.

In conjunction with the microprocessor, we will use programmable

test equipment controlled and interconnected through a digital

bus system. This will allow voltage levels, frequencies, signal

levels, pulse widths, repetition rate and other system parameter

levels to be pre-set according to software instructions. After

initial settings, readings can be monitored by a program subroutine

initiated by a pushbutton command of the operator at various time

intervals in the test sequence. During the tuning portion of

the sequence, small metal tabs are added to various areas of the

circuit and the swept power output versus the frequencies monitored

to note the effect of these additions. After tuning for power,

the frequency response of the input impedance match and the signal

time delay are checked to insure that specifications have been

achieved.

This sequence is repeated until all specifications have

been met. With the proposed method, input match and phase data

would be measured and stored in the computer memory and would

be called up instantaneously by the operator during tuning. Each

time a tuning operation was performed, all parameters would be

remeasured at the command of an operator pushbutton, and the

up-to-date information restored. The stored information can then

be displayed on a CRT data terminal, continuously or at pushbutton

command. The operator can thus measure and monitor all affected

14



parameters a' he tunes and will not have to monitor thes;e parameters

sequentially. When tunino is complete, the operator can, by a

pushbutton, start a complete data sequence and the information will

be stored after comparison with previously proqrammed co/no-qo

limits. Minimal data will be printed out for daily update of station

output. The IR scan procedure will remain a manual operation, since

placement of the microscope cross-hairs and position of the

4 instrumentation at the proper cell location are essential to

accurate readings. Once the position of the hottest cell and the

frequency at which the cell temperature peaks are located, a

pushbutton command will store data.

At the conclusion of all data collection, the software can be

used to compute the module efficiency versus frequency and convert

the IR microscope voltage output to temperature readings.

To accomplish the above test/tune improvement objectives,

the following subtasks were identified:

3.3.2.1 Complete individual software modules.

3.3.2.2 Interface each software module with instruments.

3.3.2.3 Perform partial systems test of software/hardware.

3.3.2.4 Test complete system using all instruments and software.

3.3.3 Verification of Program Goals - The final activity of this program

was to demonstrate that the reliability of the product was not

compromised by virtue of the developed chanqes. This was accomplished

initially by appropriately excess stress testing mechanical samples

of the modules at each subtask development phase. At the end of

all the development work, 25 operating modules were constructed

and subjected to the full qualification tests per "Qualification

Procedure - R.F. Power Amp #77D609955" attached as Appendix "D".

Paragraph 3.3.4.3 details results of the qualification testing.

15



3.3.4 Solution, Results and Benefits

3.3.4.)A DB Cu Peripheral Process Improvements Subtasks.

3.3.4.lA1-Improve the Methods for Cleaning and Oxidizing Copper Prior to DB.

The method employed, at the outset of this proaram, for

cleaning and oxidizing copper comprised using 8 successive wet

chemical process steps. Standard laboratory ware was used which

limited the batch size and caused the 3 mil copper sheet to lose

its initial flat shape. The method was basically still at a

chemical laboratory stage.

In order to improve the producibility of this processing method,

several options were considered and investigated. First, we

considered and ruled out the feasibility of using less than 8

wet chemical process steps. The necessity to remove finger soil

and/or machining/rolling oils then activating the surface for

subsequent uniform chemical oxide formation together with associated

rinses precluded the reduction of process steps.

Another investigation was made into the improvement possibilities

of forming an oxide on copper thermally. Various thermal equipments

were evaluated; hotplate, carbon block heater, belt furnace and box

oven using many thermal profiles. The oxides formed were unacceptable

for DB Cu application, they were too brittle flaking off in handling

and/or too non-uniform. No further work was done in this area.

Work was now concentrated in improving the efficiency of the

wet chemical process. Initially stainless steel wire teflon coated

baskets were designed and built for holding 60 - 3" x 4" sheets of

copper. Special tanks to accommodate these baskets were procured.

This effort proved that the batch size could be increased without

adverse effect. At this time, we undertook the development of a

semi-automatic wet chemical processing equipment. The resulting

equipment (Fig. 4) provides a microprocessor controlled programmable

trolley mounted over a row of tanks to automatically perform the

successive wet chemical clean and oxidize operations. The tanks provide

16
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I
heat and control the temperature of solutions as required. The

automatic machine removes possible operator variables resulting
in more reproducible product also resulting in higher DB Cu

process yields.

At the time of this writing, the machine has not been proven

I out in production although satisfactory dry runs have been made.

This extreme delay has been caused by the need to completely revamp

our hybrid chemical area and provide a safe exhaust facility to

accommodate this new equipment. We have hiqh confidence that all

the manual labor will be reduced for performing the copper clean and

oxide operation outside of the load and unload operation. Shortly,

when the equipment is implemented for on-ooinq production, all the

operator will have to do is load the large batch basket with copper

blanks, push the start button and unload baskets when the equipment

II signals completion of the cycle. The operator will be free to

perform other work during the interval between load and unload.

3.3.4.1A2 Pre-blank Copper Sheet to Final Size and Develop Fixturino for

Proper Location to Ceramic.

The need to develop a means of accurately pre-blanking the

3 mil conper sheet used on top of the ceramic wall and on the bottom

of the substratp arose from the high level of manual labor required

to trim to size the exces; copper extending from the ceramic after

the DB Cu operations. The approach to reduce this labor factor

was to pre-cut the copper to its exact size prior to bonding when

either a high speed punch press or multiple pattern etching means

can be used. Then develop locating fixturinq for precisely placing

these copper blanks with respect to ceramic features. The followinq

work was done to complete this task.

The correct blank size had to be developed allowing for the

qrowth of the copper sheet after DB. No previous data could be used

for this correction factor and a basic data base had to be accumulated

from a series of experiments. Eventually the correct size was

established and verified using etched blanks having a correction

factor of 10 mils per inch for the ground Plane copper (see

Appendix "E" and "F"). The correction factor required was found to

17&
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be less for the ceramic wall blanks (see Appendix "G" and "H").

Hundreds of verification DB Cu trial runs plus many artwork

iterations were required to obtain the required design information.

Having this information, quotes were requested for 5000 each

blanked copper parts made either by punch and dies or by multiple

pattern etching. The most favorable priced part was the punched

part at $0.08/ea ($4,000 tooling) vs etched part at $2.83/ea

($600 tooling). The punched part was purchased and is now beinq

used in production.

In parallel, fixturing work went on to develop a means for

locating the copper blank with respect to certain features in the

ceramics. The location of the ceramic wall copper blank with relation

to its features is not critical and is accomplished rapidly visually

by sighting the four corners. Substrate relative location is more

critical and required locating fixture development. The final

implemented fixture was comprised of a steel plate with 3 pins

picking up the location of the transistor holes in the substrate and

also co-locating the matching 3 holes in the copper blank. This

locating is done on top of a fire brick carrier which is lifted

off the steel plate and loaded into the belt furnace for the DB

operation.

Another punch and die was developed for blanking out the inside

portion of the copper bonded to the top of the ceramic wall. First,

a hand operated soft punch and die was made to verify feasibility and

size. Special precautions were required to assure that the ceramic

walls are not stressed and/or cracked during this blanking operation.

Size and feasibility was verified and an air operated bench press

equipped with hard dies was purchased and is now implemented in

production.

Other small tools also have been implemented which were developed

to reduce labor and enhance producibility. These aids consist of a

custom shear for trimming the excess copper off the ends of the

substrates and the ceramic walls. The specified ceramic substrate

tolerance permits variations in length in excess of 30 mils which

18



I
does not permit specifying a copper blank length dimension such
that it is exactly flush with the substrate ends as required for

proper grounding. This need for post bond trimmina precludes the

complete elimination of trimming after bonding. However, the simple

tooling expedites this operation while the major trim operations

are completely eliminated. Another small tool which tiqhtly folds

the DB Cu along the sides of the ceramic wall was also developed

* and implemented.

3.3.4.1A3 Replace Cylindrical Copper Ground Feed Through Pins with Spherical

Copper Feed Throughs.

I The R.F. Power Module design makes use of 16 very low

impedance grounding pins interposed between the thick filmed copper

3 microstripline circuit and the 3 mil DB Cu ground plane. The holes

in the 25 mil thick ceramic substrate are 60 mils in diameter and

it is desirable to fill these holes with copper (at least 75%).

From the outset, copper cylinders 55 mils in diameter by 30 mils long

were used for this purpose using the DB Cu for fusing the pins to

the ground plane. Subsequently, the R.F. topside circuit is connected

to the flushed pin top via the thick film copper printing process.

This procedure for making extremely low impedance ground connections

has proven to be reliable and superior to the alternate conventional

wraparounds. Like many desirable things, the cost can sometimes

be high. The machined cylindrical pins cost $0.31/ea in thousand

piece quantities and the manual labor for individually placing 16

pins in holes is also high. As a result of this program, an improved

method for accomplishing this function was developed and implemented

as follows:

It was agreed that copper spheres could be most easily handled

for mass placement of 16 feed throughs at a time by vibratory or

vacuum pick and place equipment. In parallel, toolinq and sphere

I source activity was commenced. Finding a source for copper spheres

and determining correct diameter was more difficult than expected.

3 The first two sources evaluated produced non-uniform, non-soherical

and non-solid spheres which yielded, as would be expected, non-

uniform results. Finally, a third source was found which could
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produce solid copper spheres to precise diameters (Lucas Milhaupt Co.)

using a coining and grinding process rather than a "shot" process.

Both 0.055" and 0.065" diameter spheres were evaluated for our

use as a feed through replacement. The automatic vacuum pick-up

placement tooling for rapidly placing all 16 feed throughs

simultaneously worked very well. However, developing the technique

for direct bonding was difficult and slow. The following was

observed. When an 0.055" D sphere is placed in the 0.060" D

hole in our 0.025" thick alumina substrate, it does not completely

fill the hole (we calculate that the hole volume is equivalent to a

0.052" D sphere - Fig. 5). Instead, the spheres project out of the top and

bottom surfaces of the substrate which will require the labor of

a lapping operation for further use. It appears that the sphere

has to be in initial contact with sides of the substrate hole in

order to wet and fill the hole. This is proven when the 0.065" D

spheres (Fig. 6) are placed in the holes, we get complete fill but some

projection from the surfaces since the sphere volume is greater than

the hole volume. Work on reconciling these observations towards

developing an optimum feed through process was done weighing the

producibility effects of the various options open to us.

It was decided to use a 0.063" diameter sphere for making

feed through connections (see Appendix "I"). Lapping off excess

feed through copper will be required with this size sphere, but

it was also required for the cylindrical feed throughs it replaces.

Therefore, no extra cost for lapping is involved with spheres. The

trade-offs favoring the use of the 0.063" diameter copper spheres

are as follows:

a. The hole is 100% filled.

b. Spheres are automatically placed.

c. Using smaller spheres to eliminate lapping requires

special pressing operation to squeeze out spheres to

contact sides of holes.

d. Present cylindrical pins do not fill hole completely,

they require lapping and cost $0.31 ea. (spheres cost

less than $0.02 ea.).
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I
The DB Cu sphere feed through process is now implemented in

our production R.F. Power Module build usinq the developed vacuum

pick and place tool for applying 16 spheres in one operation.

To further improve the producibility of the sphere feed through

process, a separate study was made to improve the manually

jperformed operation of lapping the excess portion of the copper
sphere protruding from the substrate surface. Techniques

investigated and ruled out as not applicable were electrical

discharge machining (EDM), surface grinding and machining with

a milling machine.

The aporoach which showed most promise makes use of a lapping

machine wherein multiple quantities of substrates could be lapped

to some pre-set level. The operators duty would then be to load

and unload the machine with the abrasive material automatically

fed and a built-in timer to shut down the operation and siqnal

completion. A machine meeting these requirements is made by

P.R. Hoffman Co. Arrangements were made for trials at their plant

which proved feasibility. An appropriate machine model was selected

and recommendations made for abrasives and tooling to be used for

best results. A "PR-l" Hoffman planetary lapping machine with the

recommended abrasive and tooling was procured recognizing the need

for additional application work when the machine was installed in

our Facility.

Initial results of lapping work done in our Facility showed

a labor reduction of 50% vs manual lapping. However, as larger

lots of substrates were run on the machine with production operators,

results were found to be very inconsistent. We also realized the

need for improved work holders necessitated by the overhanging

3 mil DB Cu ground plane. Several different abrasives which appear

to cut copper more rapidly have been evaluated with no final

selection made. Development activity still continues in this area

since we strongly believe that implementing this lapping method

Jwill improve the producibility of the process.
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3.3.4.lA4 Improve the Method for Removing the Copper Oxide Formed After

Air Firing Glass Seals.

The development work reported below was considered a back-up

parallel effort with the work in developing a nitrogen fireable

glass seal (results reported in section 3.3.4.1B) since the

successful implementation of a nitrogen fireable glass seal would

obviate the need for removing the heavy copper oxides formed when

the glass is air fired. We recognized at the outset that the

probability of successfully developing a nitrogen glass was low,

thus the back-up effort.

The work in improving the copper oxide removal process was

approached with extreme care because of the possible interaction

effects that any new process may have on all the other materials

used in the module, i.e., efficiency of removing copper oxide

alone cannot be the criteria. The resulting effects of any proposed

new process had to be weighed with respect to the influence they

might have on copper film adhesion, conductivity, solderability; the

effect on printed thick film resistor values and their life stability;

the effect on glass seal strength and alumina substrate and wall.

The copper oxide cleaning process in place at the start of

this program and which was to be improved comprised: several

cleaning processes and rinses for removing greases followed by a mild

copper etch to undercut the oxide, then rinses and finally careful

manual abrasion to remove whatever loosened oxide remains. This

process was time consuming and subjertive on the part of the

operator. Too much etching and too active abraiding results in

defective products which often were not detected until completion of

final assembly when considerably more labor was expended. Accordingly,

improvements in this process were sought through many exploratory

paths as follows:
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a. Ultrasonic cleaning - Representative oxidized parts were sent

to various equipment companies for their application

laboratory evaluation. All reported that their equipment

would not do the job.

b. Vapor blast - shot blast - sand blast - Same as (a).

c. Plasma etching - Using the facilities in place at our

semiconductor operation in Syracuse, feasibility experiments

were run with help of a well experienced process engineer

to establish whether this relatively new technique could

advantageously be used. Results were poor even with the use

of hydrogen. After several attempts using different gases

and gas mixtures, we concluded that plasma etching was not

the way to go.

d. Hydrogen reduction - Considerable work was done with this

approach in view of the very promising results achieved in

our first trial. Using an available belt furnace with a formina

gas atmosphere (30% H2 - 70% N2 ) set at a peak temperature

420°C and belt speed 4.75 inches/min. we were able to effectively

clean up a group of 5 extremely oxidized modules in one pass.

They readily wetted with 62/36/2 (tin/lead/silver) solder and

did not exhibit any evidence of attack by the hydrogen. There

was evidence though that the adhesion of the thick film copper

was diminished and that the thick film printed resistors shifted

in value after hydrogen reduction. In view of the simplicity

of this process, work was continued in trying to overcome

these two problem areas (adhesion and resistor shift).

Experiments were conducted to determine whether the furnace

temperature profile could be reduced to diminish hydrogen attack

and yet adequately clean (de-oxidize) the copper. Additionally,

we investigated another paste vendor's copper conductor and

resistor paste materials to determine their hydroqen affects.

To quantify this effect, we first looked at the bond strength

by performing pull tests on DuPont 9922 thick film copper pads

printed with a standard pull test pattern. Substrates which

had not been subjected to a hydrogen atmosphere showed an

average bond strength of 3.5 puunds whereas specimens subjected

to a reducinq hydrogen atmosphere degraded to an unacceptable

bond strength of less than 1 pound.
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In an effort to reduce this dearadation, we next tried

reducing the temperature from the original 4200C to 365 0C and

also reducing exposure time by increasing belt speed from

5 inches per minute to 10 inches per minute. These parameters

were shifted in six steps. The resulting pull test data for

the range of parameters (18 test points per temperature/speed

parameter) did not show any dramatic change. The temperature/

speed change also did not diminish the effectiveness of copper

oxide removal. All specimens were readily wetted by mild

fluxing and dipping in a 62 Sn/36 Pb/2 Ag solder pot. Later, more

work was done at lower temperatures and/or higher speeds to

determine the lower limits of the hydrogen reduction process

for removing copper oxide without degrading bond strength.

To expedite this investigation, a belt furnace in our

facility was modified to handle forming gas (mixed Nitrogen

and Hydrogen) to enable us to complete this development.

After several iterations a gas mixture, temperature and belt

speed was developed to minimize the affects on the thick film

copper and resistors but it was also found that these process

conditions did not result in fully removing the oxides from the

DB Cu. More development work was done resulting in a process

having the parameters: 350 C peak temperature, 15% hydrogen -

85% nitrogen reduCing gas, belt speed of 1 1/2 inches per

minute and requiring two passes in the furnace.

A similar investigation was made for copper compatible

nitrogen fired 10 ohm and 1,000 ohm resistor pastes made by

Dupont and Cermalloy. These types of pastes are used on the

subject R.F. Power Module and accordingly investigated for

effects. The effect on the four resistor materials of hydrogen

reduction at 4200 C and 4.75 inches per minute are acceptable

for our process and can easily be laser trimmed to value. The

data shows that after a severe two firings that the DuPont 1,000

ohm paste shifts by +0.5 and 0.57% and the 10 ohm paste shifts

+7.5 and 8.1%.
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development proqram was a process using an extremely slow

belt speed which consumes a large amount of forminq gas per

module to be cleaned. Essentially, what was accomplished at

this point was to establish that it was feasible to use

hydrogen for cleaning without significantly affecting thick

film copper, resistors and DB Cu. It now remained to see how

cost effective this changeover would be. In this connection,

we investigated the use of a reducing atmosphere box oven

3 in lieu of a belt furnace. The assumption being that qas

consumption would be lower and that large batches could be

handled at one time only requiring load and unload labor. We

were not successful in finding a commercially available

reducing atmosphere box oven with a 350°C temperature

capability leaving us only the belt furnace for performir,'

copper oxide cleaning. For a brief period, the belt furnace

was implemented in production to gain operating data and

experience. This resulted in a clear indication that the process

I was not cost effective, qas cost was prohibitively high as

was labor.

e. Chemical oxide reduction - In parallel, we investigated an

alternate chemical oxide removal process. This process uses

j phosphoric acid with surfactants and easily removes the oxide

by a simple dip operation requiring no manual abrasion.

Preliminary tests indicated that the thick film copper haa

better conductivity after cleaning with the phosphoric acid

solution than with the old chemical cleaning process. A

1negative aspect of the phosphoric acid is that is destroys the
thick film resistors. However, a resist coating over the printed

j resistors did protect them during cleaning. Further evaluation

trials revealed that the phosphoric acid solution (OAKITE-31)

j was an excellent low cost means of removing copper oxide.

Further testing of this process indicated that the bond strength

of the thick film copper is not compromised; in most cases, it was

found to be higher than our original process. An accelerated high
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temperature aging test was performed to attain assurance of

process realibility. Results of these tests confirmed that

OAKITE-31 was an acceptable improved process and was implemented

in production replacing the hydrogen reduction process.

Several other proprietary chemical oxide strippers were

tested and quickly ruled out for further evaluation. One

material labeled "TARNEX" did show initial promise and was

further evaluated. This material is a widely advertised

consumer product sold as a silver tarnish remover and copper

brightener. The attractive feature of "TARNEX" was that it did

not require solution heating as OAKITE-31 requires and that it

stripped the oxide very rapidly. Unfortunately, when we applied

our standard adhesion and solderability tests we found that

the results were entirely too variable to recommend it as a

standard oxide removal process. As a result of the above

described work, we concluded that the process which uses

OAKITE-31 (a proprietary phosphoric acid compound) as a copper

oxide remover offered the most producible process and

significantly reduced the labor content of this operation. The

Oakite process is now documented and implemented into our R.F.

Power Module production.

3.3.4.1A5 Automate Feed Through Pin Continuity Testing.

At the start of this MM&T program, cylindrical copper feed

through pins (Fig. 3) were used for connecting the top side micro-

stripline circuit to the DB Cu ground plane. From time to time

one of the 16 pins would not bond to the ground plane largely due

to the pin hanging up on the side of the hole in the ceramic

substrate. To detect this defect, prior to doing additional work,

manual electrical testing for continuity was performed on each of

the 16 pins. To detect this type of fault more cost effectively,

our existing Company owned Everett-Charles circuit verifier was

fixtured to simultaneously test all 16 pios for continuity. A
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I
probe fixture was designed and ordered from the Pylon Co. Upon

receipt of the fixture, it was cabled to the tester and programmed

to perform the simple required test. With very little difficulty

this automatic test procedure was implemented and is in use ong our present production of R.F. Power Amplifiers.

3.3.4.1B Change From Air Fired Sealing Glass to Nitrogen Fired Glass.

3.3.4.lBl Search Literature for Possible Improved Glasses and/or Processes

jand Evaluate.

j An initial literature search did not identify possible contender

glasses for the application of making seals between alumina and

alumina in a nitrogen atmosphere. Private communications with

basic glass producers and compounders plus other qlass exoerts

indicated that there was no way of crystalizing the lead or zinc

borosilicate sealing glasses without some oxynen. Alternatively,

there are many high temperature amorphous type glasses which

satisfactorily fire in nitrogen but are generally characterized as

being less desirable structurally than the crystalizable glasses.

The possibility of mixing the two glasses exists to achieve some

degree of crystalization when fired at high temperature. In using

the high temperatures (900°C range) the effect on the previously

printed resistors has to be evaluated. Another possibility is to

mix only a small amount of oxygen into the predominent nitrogen

and thus reduce the level of copper oxide formation. This latter

possibility does not accomplish the full objectives of this effort

but will make it easier to remove the light copper oxide formed

with the reduced oxygen level and will also diminish copper

degradation resulting from heavy copper oxide formations.

These initial observations set the stage for our development

work. In broad terms, we would first try to develop a glass which

can be fired in 100% nitrogen. Failing to achieve success with this

approach, we would then revert to the low temperature crystalizable

glass in use at the outset of the program using the minimum amount
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V
of oxygen. To narrow down the development, the below listed materials

were selected for initial evaluation and processing. Followinq

the material list are comments on the results of first evaluations

plus comments on techniques which may be investiqated if time and

funds are available.

Some possible compositions which would melt at lower temperatures

(5000C to 7000C) would do so because of added Fluoride content.

Such additives provide corrosive by-products upon processing and

are unsuitable. Other glasses, primarily Boro Silicate types such

as Corning 7070 electronic glass are amorphous and require high

processing temperatures (8500C-9500 C). It is generally believed that

amorphous glass sealing compositions are unreliable for use in alumina

to alumina electronic packaging and is the reason for the industries

development of devitrifying sealing glasses.

Even so, there were several glasses selected which seemed to

be capable of providing a nitrogen sealing glass either by modifying

processing conditions of blend glass composition types. The list

is as follows:

G64 Barium Boro-Silicate Owens-Illinois Inc.

G80 Lead Boro-Silicate Owens-Illinois Inc.

SG 67 Lead-Copper Boro-Silicate Owens-Illinois Inc.

EJ 3 Composition not available Hommel

M 3040 Composition not available Electro Science Labs, Inc.

G 201 Composition not available Electro Oxide Corp.

7583 Zinc-Lead Borate Corning Glass Co.

o The G64 glass is known to be a devitrifying composition processing

between 8350C and 9500C. Various peak temperatures and rise times

were used since these parameters determine the time to melting and

degree of devitrification. Indeed, the glass processes well in

nitrogen and adheres well to alumina. However, the sealing step for

the electronic package requires both a glazing and a sealing step.

In each processing condition tested, the glazing step rendered the

G 64 glass to a processed condition where sufficient devitrification
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I always occurred during the glazing step, the two glazed surfaces

would not flow enough to seal durinq the subsequent sealing step.

Devitrification increases the viscosity of the melting glass. An

attempt was made to mate the substrate and frame using dried but

I not glazed parts (by-passing the glazing step) but intimate surface

to surface contact of the sealing glass surfaces was still not

obtained. The desired seal reaction was limited to about 5% of

the seal area.

o The G80 glass is low temperature melting (4300C) lead (80% wt) -

Boro (10% wt) - Silicate (10% wt) which will provide a light to

dark gray glassy finish under nitrogen. The darkish color is a

result of free lead nucleation well distributed in the glass.

I The glazed parts (substrate and frame), appear to be an excellent

opportunity to provide a seal but the results of sealinq at 550 0C

include an unacceptable void content.

o The G80 was thought to be useful as a melting temperature

modifier of the G64 Barium glass so as to allow this glass to

melt and flow yet retain some devitrifying characteristic.

G80/G64 ratios of (1/10, 2/10) and (5/10) were fired out for

evaluation. The 1/10 ratio did not significantly change the G64

melting characteristics and the 2/10 and 5/10 ratios would not

permit devitrification. Also, the higher G80 containing mixtures

exhibited excessive void content.

o The SG67 is a low melting lead-copper-boro-silicate glass

sometimes used in air fired sealing applications. This composition

does not produce a smooth glaze and is not reliable as a seal

glass when processed under nitrogen. No further work was done to

evaluate this glass.

o The EJ3 glass composition is not known by us at this time. It

J is sealing glass developed to mate copper metal parts. The initial

nitrogen atmosphere sealing steps produced a seal which had a

1 high void content. This alass was not totally eliminated as a
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possible nitrogen sealing glass because the first materials and

process compatibility test was not refined relative to controlled

film deposition. More specific deposition control of the dried

film and its drying was done which did not greatly improve results.

o The Electro Science Labs M3040 low temperature composition, when

fired out in nitrogen, produced a film which is too porous and has

insufficient mechanical strength.

o The Electro Oxides G201 is of the same family composition as the

G64 with a somewhat lower melting temperature. They do perform

similarly. However, the results are unacceptable. Hiqh viscosity

at melting stage and some bubbling make this glass undesirable

for sealing.

o Corning 7583 and Owens-Illinois CV-lll sealing alasses are very

similar zinc-boro-lead-silicate materials and were not expected

to make strong hermetic seals when fired in a 100% nitrogen

atnosphere furnace. Experiemnts were performed to determine the

limits of oxygen required for good glass flow and crystalization

without excessive oxidation of the thick film copper. The results

of these experiments showed that neither of these glasses would

process adequately until so much oxygen was present that atmosphere

must be considered an air firing atmosphere. For reference, the

glass seal process used on these experiments comprised printing

glass on both the ceramic wall and the substrate; separately

glazing wall and substrate; joining the two for final hermetic

glass seal.

o Some efforts were made to determine if cupric oxide powder could

be used as a source of oxygen internally available to the glass.

It is known that the poor melting characteristics of low melting

glasses is often due to the reduction of easily reducible metal
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oxides like zinc oxide and lead oxide in the absence of oxygen.

Up to 10% of copper oxide was added to 7583 and two different

firing schedules used. The meltinq characteristics were improved

in nitrogen but increased outgassinq caused high void content in

the seal.

o The addition of SG67, a low melting glass, to 7583 provided

similar results as reported above but air glazing and nitrogen

sealing yielded impressive results in terms of apparent good seals.

This approach was scheduled to be further evaluated later since the

process of fabricating the circuit package permitted air glazing

the ceramic wall which would contain all the sealing glass and

nitrogen sealing wall to the unglazed substrate.

o Investigate the feasibility and possible advantages of a multi-

layer glass seal structure wherein different glasses are used for

each layer. A configuration which may offer advantages would

consist of, first, air glaze 7583 glass onto the ceramic wall with

the intention of later reducing the oxidized DB Cu on top of the

wall. Then, nitrogen firing a very thin layer of G80 and SG67

seal print on the substrate. This print would serve primarily

to encourage the 7583 to wet the opposite surface during the

sealing process and the G80 or SG67 would essentially disappear

into the 7583 bulk. The 7583 is resistant to nitrogen processinq

after first being glazed over (glassy smooth finish) and the low

melt composition is already known to be compatible with the 7583.

The primary disadvantage would come if the amorphous component of

the seal did not become displaced by the 7583. This combination was

also scheduled for further evaluation.
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A summary of the results of our preliminary investioation is

presented below. Those areas requiring further investigation are

identified.

Glass Tested Results Conclusion

G64 Does not flow PIG
during sealing

G80 Void content too NG
high

SG67 Does not melt NG
correctly in N2

EJ3 Void content too NG but some further
high. Evidence that evaluation is required
thinner seal film
deposition may look
better

M3040 Too porous - low NG
mechanical strennth

G-201 Does not flow during NG
sealing - some voids

G64 & G80 Void content too hiah NG

CuO2 & 7583 Void content too hinh MG

SG67 &7583 Void content too high NG but air glaze Cu N
sealing should be evaluated

G80 then 7583 Not yet evaluated Should evaluate
2 separate layers
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Second phas, investi(lation was started with a thorounh

l evaluation of the Corning 7583 and Owens.-illinois CV-111 low

temperature crystalizing glasses. The initial objective beinn to

compare the new 7583 glass with what was our standard glass (CV-lll)

I and not introduce nitrogen firing perturbations at this time.

Accordingly, a variety of thermal furnace profiles were investigated

to determine their effect on the glaze ani seal characteristics of

CV111 and 7583 qlasses. Two different paste vehicle systems were

compounded and tested for clean burn out of ornanics in the dryinq

and firing process. Hot surface heating at 300 0C for 15 min. was

found to be adequate in all cases. Slow dryinq was used at first

to avoid blisterina. The peak glazino temperature reeuired for both

glass frit products is fairly insensitive at 5000 C. Recommended

l profile is 5"/min. through 36" heated lenoth (zone 1 - 2000 C,

zone 2 - 3200C, zone 3 - 3200C, zone 4 - 5000 C) so the profile

is pushed up rapidly just before the narts exit the furnace. The

presence of air is essential.

Results: Excellent seals with good fillet characteristics,

low void content and size were obtained. The 7583 was considerably

more crystallized than the CVllI. The completion of crystal formation

indicates maximum seal strength. Thus, for an air fired seal,

7583 glass is recommended using the same sealing profile as the

glaze profile except that the sealing profile will have the third

zone set at 500 0C.I0
Dry 300 C 15 min. Slow initial drying

Glaze 5 IPM 36" heated length Zone 1 200

Zone 2 320 C

Zone 3 320

Zone 4 500

Seal . Zone 1 200

Zone 2 320 oC
Zone 3 500

Zone 4 500

I
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Unsuccessful seal results were obtained when the combination

of air glazing and nitrogen sealing was done with both the CVlll

and 7583 glasses. An optimum profile was developed for alazina

7583 parts which yielded very well glazed-over surfaces. That is, the

qlaze finish was very glassy and therefore less susceptible to the

influence of inert or reducing components in the atmosphere of

the Nitrogen firing sealing process. The followinn zone settins

and belt speeds were used:

Air Glaze Zone 1 200 Nitronen Seal Zone 1 200

Zone 2 200 Zone 2 320

Zone 3 320 °C Zone 3 320 0C

Zone 4 300 Zone 4 550

Zone 5 550 Zone 5 550

Belt Speed 5 IPM 36" heated lenoth

Observation of the results showed that weak seals were produced

by virtue of the high void content through the cross section of the

seal and poor filleting. It should be noted that most of the seals

were hermetic but still not acceptable from a strength requirement

criteria.

Further experiments using various combinations of multilayered

glasses also were unsuccessful. Attempts at making nitrogen seals with

G80 and SG67 fired in nitrogen on the substrate and 7583 air glazed

on the wall were not acceptable. Both the G80 and SG67 exhibited

outgassing and resulting bubbling which precluded the accomplishment

of acceptable seals.

An ESL low temperature overglaze #4775 paste was reduced in

viscosity by a factor of two by thinning with Butyl-Carbitol-

Acetate. This provided a thin fired out glass film in Nitrogen

which has good properties. On sealing the air fired wall member

(7583 deposition) to the substrate having Nitrogen fired 4775,

a good seal was produced. Examination of the broken apart package

members showed that the amorphous layer was the "weakest link" and there

was considerable voiding present. The voids were present mostly in

the 4775 at the 7583 interface.
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Work on attemptina to develop a nitrogen fireable sealing glass

under this program was completed at this point. Our tests, trial

runs, experiments and evaluations did not reveal a glass or combination

of glasses which would permit us to make strono glass seals in

nitrogen. Had we been successful in this development the work in

copper oxide removal described in para. 3.3.4.1A4 would not be

required. However, on a more positive note, we did improve our

air fired alass seal process and have qualified a second source

qlass (Corning-7583). As a post script item, promisinoi olass

seal work has been continued with Company funds. It comprises

aoplyinq all the qlass (7583 or CVIII) to the wall and air nlazina;

removing the copper oxide from the rugged DB Cu previously applied

to the top of the wall and then making the final hermetic seal

in a predominantly nitrogen rich atmosphere. The results of such

a seal is the formation of a light oxide on the substrate thick

film copper which was found to be easily removed.

At the '80 ERADCOM Symposia at Ft. Plonmouth, we presented

a status report on the work being performed on this proaram.

As a result of our presentation relative to qlass seals, EARL RIGGS

of NAFI told us in a private discussion that RAYTHEON was presently

using on the TRIDENT program, a glass which they sealed in lOOT

nitrogen. EARL gave us the name of the individual for follow-up

on the details. We called RAYTHEON and found that the glass was

the same glass we evaluated and use, Corninq #7583. They, however,

glaze the glass in air and do the final seal in nitrogen. They do

not use any oxygen to devitrify the glass to achieve its maximum

strength in the final seal operation. Their strength requirements

are minimum since the ceramic leadless chip carrier package they

are sealing is very small. This process is not directly applicable

to the subject MM&T program for two reasons. First, the qlaze

operation performed in air at 350-5000C is sufficient to thoroughly

oxidize the copper. And secondly, because of the extremely large

size of our package we require the full strength provided by crystalized

alass which can only be accomplished by usinq some level of oxygen
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at seal. The alass work which we are now pursuing is somewhat

similar to the Raytheon approach except that a small amount of

air (oxygen) is used so that full crystalization strength is achieved.

We can tolerate this small amount of air since the final hermetic

seal is made at a later staqe whereas Raytheon uses their alass

seal as a final seal and cannot allow air to be sealed within their

chip carrier enclosure.

3.3.4.1B2 Develop Glass Seal QC Procedures and Test Methods.

To our knowledge, the basic need exists in the ceramic

hybrid package industry for a quantitative olass seal strength

test. The need is of particular importance for the subject R.F.

Power Amplifier package where the large 2 in. x 3 in. glass seal

performs a structural function in addition to providing hermeticity.

In the parallel para. 3.3.4.lBl glass seal development effort the

ability to quantitatively discriminate attributes of the various

glasses under evaluation is extremely relevant. The typical QC

visual criteria of void free well filleted glass seals plus

hermeticity do not directly relate to strength of the seal. Thus,

the need existed to develop an improved test method. In addition,

the need existed to determine the strength required in the glass

seal so that is survives the stresses the package is desianed to

meet in its storage and operating life. It also must be strong

enough to survive the considerable stresses induced in the hybrid

assembly operations.

Having expressed the above concerns, we hasten to add that

we have built tens of thousands of these type of integral substrate

packages over the past ten years which have met all levels of

military requirements. Their reliability has been proven with the

QC visual and hermetic criteria used in fabrication. However, when

attempting to "fine tune" the selection of a new glass and associated
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processes more basic knowledge is required. Accordingly, the

following work was undertaken; (a) describes test methods

investigated, (b) describos the stress analysis work performed.

(a) Prior to this program, attempts were made to obtain

glass seal shear strength data. Packages having substrates

with ceramic walls glass sealed "o them were sawed so that only

a I" long section of a wall sealed to the substrate remained (Fig. 7).

This section was positioned vertically in an Instron tester and

force applied to the wall to the point of destruction (Fig. 8).

Data was collected on at least 20 units which were made with the

same materials and processes. The data spread was much too eratic

to be meaningful. Ruptures of substrates as well as seals occurred

with about equal frequency. In retrospect, we rationalized that

the substrates were subjected to bendina stresses and breaking.

Additionally, the sawing operation can easily induce micro-cracks

in either the glass seal and/or the substrate which weakens the

structure under test. We believe either of these two conditions

caused the observed eratic results. This test method was

abandoned for the above stated reasons and the absence of a solution.

In order to further evaluate the strength of a glass seal and

be able to distinguish and characterize one olass seal paste from

another, a technique of centrifuge testino was investigated. The

centrifuge set up is shown on Fig. 9. Eighteen seals were made

with the Owens-Illinois CVlll glass and 18 seals made with Corninn

7583 plass and tested, the data is reported below.
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OWENS-ILLINOIS
CORNING #7583 CV111

G-FORCE NUMBER OF UNITS FAILED NUMBER OF UNITS FAILED
SUBSTRATE WALL SEPARATED SUBSTRATE WALL SEPARATED
CRACKED ONLY CRACKED ONLY

7,000 G's I ......
8,000 .... 1 1
9,000 1 1 --.

10,000 1 4 -- I
11,000 -- 4 -- 2
12,000 -- 2 2 4
13,000 .-- -- 1
14,000 -- 1 -- 1
15,000 -- 2 -- 2
16,000 ....- 1 1

17,000 -- 1 -- 1
TOTAL 3 15 4 14

Discussion of Data - Since it was impossible with our test set up to

see whether the substrate cracking occurred before the wall separates

or the wall separates causing the substrate to crack, and since

we are only interested in glass seal strength, i.e., the wall

separation, we will not consider the data points related to

substrate cracks. Thus, considering only the wall separation data

there is no clear indication of one glass being better than the

other. The Owens 111. CV 111 does appear only slightly stronger.

We conclude from this test that the strennth of the two olasses are

about equal. In the visual observation, we found that they were

equal visually, hermetically and in printability. We then can say

that the two glasses can be used interchanneably and they should

qualify as materials available from dual sources.

This test method was also abandoned because of the time

consumed in oerforming the tests and the fact that about 20% of the

samples tested resulted in broken substrate. We believe that the

allowable substrate camber of 3 mils per inch is sufficient to cause

the substrate to bend when under sufficient centrifugal force causino

the substrates to break. This bending stress may also start a

fracture of the glass seal diminishing confidence in the resulting

data which was supposed to strictly relate to glass seal strength.
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A third glass seal test method was investigated which makes

use of the technology being developed in acoustic/ultrasonic

J non-destructive test equipment and methods. As a first steP,

we presented the problem to our Acoustic Section of our Electronics

Lab. for their suggestions and recommendations. The "Pulse Echo

Method" was recommended and they agreed to perform feasibility

studies usina their existing laboratory equipment. Results of the

first feasibility efforts were Dositive. A second phase effort

was performed wherein 5 glass seals were made with known defects.

The object being to calibrate the sensitivity of the equipment.

The final Electronics Lab. report is attached as Appendix "D".

We conclude that the technique described in the report represents

a feasible means for detecting flaws in glass seals. Further work,

under this program, was stopped since further work related to

producibility or cost effect of implementation could not be completed

in the available time and budget. For instance, this technique

should be compared with X-ray techniques in terms of efficacy of

finding flaws. And even if ultrasonics should be more effective

the task of productizing the laboratory equipment would be impossible

to accomplish in the remaining time. Since the ending of the

Electronics Lab. work, we have souant out vendors of ultrasonic

test equipment to interest them i makina or adapting an equipment

which could meet our needs. We have not been successful to date.

It should be pointed out that a non-destructive ultrasoniz

test will not directly indicate the quantitative strenath of a

qlass seal. However, a relationship of strength vs void defects

probably can be established and correlated to glass strength.

More work in this area has been continuing with Company fundinn.

Initial results are very promising and the test method is very simple.

The test data is quantitative and appears rational, always breakinq

the glass seal only. The test comprises applying the glass and process

under test to a 1' long section of ceramic wall and a 1" x 1" ceramic

substrate such that the wall section is cantilevered off the substrate

to a fixed constant dimension. The test is performed by applying
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a vertical force to the top of the wall section of the horizontally

supported wall/substrate glass seal. More work is going on to

establish confidence in this test method and subsequent implementation

for the continuing glass seal development work.

(b) To deal with the opposite side of the equation, a knowledae

of the stresses the package is required to endure is essential,

i.e., is the package (particularly the qlass seal) strong enough

to withstand the imposed stress? Accordingly, a finite element

stress analysis was performed with the aid of the "ANSYS" program

(see Appendix "K" for description of program). A finite element

model of the subject R.F. Power Amplifier module was made as shown

in Figures 10 through 18. These figures show the nodal points and

elements for each of the eight layers. The model contains 349

nodes and 174 three dimensional solid elements. Finite element

analyses using the "ANSYS" computer code will be made to determine

stress distribution associated with the numerous external load

conditions. The loading conditions include shock, vibration,

centrifuge and temperature extremes plus the interim stresses

generated in assembly. The following list describes the materials

used the module, the temperatures used in the various fabrication

steps and the environmental stresses the completed module is

expected to endure.

MATERIALS

Ceramic Substrate 2" x 3 1/2" x 0.025" 96% Alumina

Ceramic Wall Frame 2" x 3" (O.D.) x 0.150" High Alumina (0.100" wide)

0.003" thick Copper

Kovar Lid (2" x 3" x .023" thick)

62% Sn/36% Pb/2% Ag Solder Throughout

Molybdenum (moly) base/heatsink 2" x 3 1/2" x 0.050"
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I 1. DB Cu (.003") to Substrate (.025" thick) for qround plane.

Peak Temp 1075 0C - Total ramp up & down - 20 min.

1 2. 16 Feed Throuah Cu Spheres - 0.063" D. - Same as 41 process.

1 3. Thick Film Print and Fire Cu Microstripline on top of Substrate

Fire 3 times @ 9000C Peak -3 min - ramp up & down - 25 min

I Laser trim resistors

Wall Sub-Assembly

A - DB Cu on top of wall same as #1 process.

B - Glaze glass seal on bottom of wall - 5250C

I Peak with 20 min ramp up & down - Screen Printed

4. Screen Print glazed glass on Substrate - 20 min @ 4000C.

5. Form Glass Seal between Substrate and Wall - Belt Furnace

1 20 min. - up/down @ 5250C peak (3-5 min).

6. Leak check glass seal - vacuum pulled on interior of wall.

7. Solder Dip entire assembly (wall and substrate) at 225°C
with preheat in 4 stages, 75, 100, 150, 2000C. Same temperature

staging for post heat.

Moly base pre-processing - Solder dip coat one side @225 C.

8. On controlled hot plate, gradually brino temp up for the assembly

of moly to the substrate for solder reflow attachment of moly

3 to substrate at 225 0C. Cool down with 5 lb. weight on top of wall.

I 9. Assemble devices to module - hot plate at 1500C; IR spot heat

(1/2" dia.) thru bottom, i.e., thru moly to melt solder for

component reflow assembly (3 places). About 10 small caps

attached with soldering iron when hot plate still at 1500C.

I
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10. Pre-cap cleaning includes ultra-sonic cleaning.

11. Kovar lid seal comprises vacuum bake for 2 hrs at 1250C, then

into N2 dry box for solder seam seal (no heat).

12. Tests Qualification and Screen

a. Leak - He Bomb 1 ATM for I HR then

Exterior Vacuum - I min approx (Fine Leak Test)

Then, 125 0C - 2 min liquid immersion (Gross Leak Test)

b. Stab. Bake - 24 Hrs @ 1250 C

c. Temp. Cycle - -550C to +1250C (10 times)

-500C to +850C (100 times)

Burn-in 75 C - 160 Hrs under power

Cold Turn-on @ -560C, 10 cycles

d. 30G max shock, vib. - 20G PK - Simple Harmonic, Acc. - 1500 G -

Yl Plane Only

Computer simulation runs were made in-putting the loads and

forces listed above. The computed output of resultant stresses

in various sections of the modeled elements are presented and

discussed.

Details of the module displacement (strain) and stress data,

are given in Figures 19 through 29. Figure 10 shows a section of

the module and the eight layers of six different materials plus

thickness which comprise the assembly. Figures 19, 20 and 21 are the

ANSYS geometry plots.

Temperature extremes simulation - An analysis was performed

to determine the stress distribution within the module due to a

temperature change from an ambient of 200C to 1250C. The displacement

and stress plots for this case are shown in Figures 22, 23 and 24.

The plotted output data for this case only displays the alumina
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substrate along with the 3.0 mil DB Cu layer on its top surface

and a 3.0 mil glass seal attached to the lower surface. Figure 22

basically shows the warpage of the substrate. A 0.00126 inch

maximum displacement occurs in the width direction. Figure 23

shows a plot of maximum principal stress. A stress of 21,315

psi exists at node 181 in the alumina substrate. Figure 24 is a

j similar plot but shows minimum principal stress. A compressive

stress of 33,653 psi is found at node 133 in the substrate. It

should be noted that this stress level occurs at the cut-out

in this ceramic material. Within the glass seal, the maximum

principal stress is 5,107 psi and the maximum shear stress is

2,708 psi.

30-G Shock simulation - In general, the stress components within

the module for this level of shock loading are extremely small.

For example, within the glass seal elements (127 - 136) the

maximum stresses are as follows:

Max. principal stress = 43.0 psi

Max. shear stress = 46.0 psi

1500-G Centrifuge simulation - Details of this finite element

model together with its displacement strain and stress data are

graphically displayed in Figures 25 through 29. Figures 25 through

29 are plotted for the alumina substrate and mating 3-mil DB Cu

elements. A summary of maximum and minimum stress values for

SMAX (maximum principal stress), SMIN (minimum principal stress)

and TMAX (maximum shear stress) are given in Table 1.

TABLE 1
SMAX NODE SMIN NODE TMAX NODE

STRESS (PSI) NUMBER (PSI) NUMBER (PSI) NUMBER

(Maximum) 4891. 225 147. 215 2422. 225

(Minimum) -521. 195 -4321. 223 68. 104
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The maximum principal stress and maximum shear stress occur

at node 225 and are located in figures 27 and 29. These stress

levels are considerably lower than those for the thermal stress

case. The greatest stress levels in the glass seal at centrifuge

are found in element 136 where SMAX = 116 psi, SMIN = -1036 psi

and TMAX = 576 psi. These data can be compared with the temperature

extreme case where SMAX = 5107 psi and TMAX = 2708 psi.

Summarizing our finite element work with respect to the glass

seal: Centrifuging at the 1500-G level produces stresses in the

glass seal of 116 psi, -1036 psi and 576 psi; stresses from a 30G

drop shock are 43-46 psi and the stresses resulting from a temperature

excursion of 1000C are 5107 psi and 2708 psi. This data indicates

that temperature cycling and/or temperature shock produces the most

severe stress on the glass seal and suggests that it may be used

as a simple screening test for glass seal strength.

Full stress analysis of all the elements of the module for all

the load conditions has not been done. Our interests under this

MM&T program were simply to find out how strong the glass seal had

to be to safely withstand the stresses resulting from subjecting

the module to the specified environmental tests. Verification of

our stress analysis data has not been accomplished because of our

inability to develop a reliable quantitative glass seal test method

as reported in (a) of this section above. At this time we are

confident that a glass seal test method can eventually be developed

which we believe will verify our stress analysis data.

Lest the above analytical and test development work appear too

academic, we restate our objective in doing this work. Considerable

cost can be saved and yields can be improved by developing a glass

seal which can be fired in nitrogen. This would eliminate the

severe copper oxidation which occurs when the glass is fired in

air as required with our presently used glass. However, to accomplish

this glass change complete knowledge of all the physical attributes

of the presently used reliable glass seal are required. It is also

helpful to know what safety margin exists in the presently used
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material and process. With the sought after knowledge available

simple quantitative testing of new candidate seal glasses usinq

a variety of glaze and seal processes can be objectively evaluated.

The bottom line being to develop and implement a new seal glass

and process which reduces processing costs and increases production

yield saving even more cost.

3.3.4.1C Develop Lower Cost Lid Seal Material and Improve Seal Design and

Process.

The objectives of this task were planned to be met by procurinq

plain Kovar (ASTM A-15 Alloy) lids, then developing suitable non-

noble metal platinq for the Kovar lids which would permit reliable

solder wetting of the lid to assure the integrity of the final

hermetic seam seal. Initial activity dealt with finding a responsive

source for the flat 0.023" thick 2" x 3" Kovar lids. After

several iterations 200 chemically etched blanked out lids were

received having a minimum of 100 microinches (u") of electrolytic

nickel plate. Subsequently, another 200 lids with no plating were

procured. Many platinQ variations and power settings on our "SSEC"

Seam Sealer were evaluated. Dummy modules were used for first trial

runs using destructive analysis for seal evaluations and feedback.

When results looked promising, hermetic module packages were used

for final seal process verification. The combinations evaluated

are listed and discussed below:

1st Trial Run (10 Modules)

Using mechanical samples, a preliminary seam seal process was

developed comprising the following:

1. Kovar lid as received with electrolytic nickel - no

preparation work required.

2. Plate approximately 200 microinches of tin to the seal

side only of Kovar lid.

3. Prepare MIC package ceramic wall by our standard solder

dip process.
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4. Seam seal lid to ceramic wall with following settings and

conditions.

a. Used standard established fixturinq.

b. Power for long side set at 900 amps, speed at 13.

c. Power for short side set at 800 amps, speed at 13.

This process produced extremely strong solder seals often

pulling the DB Cu off the ceramic when package broken for seal joint

inspection. Wide, 0.050" or more, solder joints were produced by

this process which appeared hermetic.

2nd Trial Run (15 Modules)

Fifty hermetically tight mechanical modules were made for the

pre-proof of process run to verify the process reported in the

1st Trial. The new Kovar lids under development were tin plated

(200 microinches) as before except that the plating was done

2-4 weeks earlier and the packages and lids were vacuum baked

(150 0C - 2 hours) in the oven built into the seam sealer. The

seal process used was identical to our standard solder sealinq

process whereas in our preliminary tests where we had very good

results the vacuum bake was not used and the tin plating was done only

hours before. These differences between our first and second

trials we believe are the reasons for the poor results obtained in

the pre-proof of process run. We ran 15 packages out of the 50

and found the hermeticity yield to be unacceptable. We rationalize

that the time between applying the electroplated tin, wherein the

underlying nickel is activated, and the time of use in sealing was

sufficient to cause the nickel to become passivated and difficult

to solder wet. Other experience has shown that electroplated tin

is porous and does not protect the underlying nickel from forming

hard to solder wet nickel oxides. To remedy this situation the

tin plate was hot reflowed immediately after plating to eliminate

porosity.
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I 3rd Trial Run

New lids having only the vendors electrolytic nickel platinn

were electro-chemically activated and immediately tin plated and

hot reflowed. In the hot reflow operation, they initially wet

the nickel very uniformly but beginning after 90 seconds, the wettino

began to deteriorate. Lids from the 2nd Trial Run lot were also

hot reflowed and found to not wet the nickel at all. We interpret

these observations to confirm our belief that hot reflow of the

5 electroplated tin is required to maintain the activation (wettability)

of the nickel. The ability to wet the nickel is critical to a good

solder seal since the thin tin coating rapidly goes into solution

with the eutectic solder which must then wet the nickel plate on

I the Kovar lid to product the final hermetic seal.

To establish further confirmation, two lids having freshly

electroplated nickel over the base Kovar metal were made and

immediately electroplated with 200-300 microinches of tin. These

were hot reflowed hours later at 250 0C on a hot plate using a mild

Iflux. About a week later, they were used for sealing 2 packages
using our previously developed sealing process, vacuum bake etc.

Hermetic seals were produced. Mechanically removing the lid to

examine the solder seal revealed good solder joints with separation

I occurring within the solder.

Further work was done in investigating and evaluating the

relative merits of several different electroless and electrolytic

nickels in terms of their durability of wetting properties when

protected by hot reflowed tin. We also prepared samples of lids

plated with nickel boron which is reported to be an extremely

solder wettable nickel. These samples comprised:

1. Sample quantities of Kovar lids were replated with

- electrolytic nickel plus 200 microinches of "Schlotter"

Process tin.

1 2. The same as #1 except that electroless nickel was used.
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3. The same as #1 (Electrolytic Nickel) except that "Harston"

Process tin is.used.

4. The same as #2 (Electroless Nickel) except that "Harston"

Process tin is used.

5. Same as #1 except that the "Allied Kelite" Process for

electroless plating Nickel Boron was used.

All the samples were hot reflowed to melt the tin and create a

non-porous plate over the nickel. All samples wetted the nickel

plated (electrolytic and electroless) kovar equally well. These

sample lids were then used for hermetic sealing packanes on the

seam sealer using our standard sealing process. Seal results

were again unacceptably low regardless of the plating process used

to prepare the lid. After examining some of the defective seal

joints, we have concluded that our problem may be the fact that

we are mixing pure tin (M.P. 2320 C) on the lid with 62% tin/36% lead/2%'

silver solder (M.P. 1870C) which is used for pre-tinning the top

of the ceramic wall. There probably is not enough heat created

at the electrode contacts to attain a thorough mix of the tin and

solder. This results in a weak solder matrix wherein a tin rich

zone interfaces with a eutectic zone.

A final attempt was made to try to make this new lid concept

work. 50 Kovar electroplated nickel lids (as purchased) were

prepared by first chemically activating the nickel plate then

immediately plating with 500 u" of 60/40 solder on one side

followed by hot reflowing the solder. Ten of these lids having

reflowed electroplated 60/40 solder on the seal surface were seam

sealed to dummy module packages. The results of this trial run

were promising; visually the lids appeared well wetted to the

packages and upon mechanically removing the lid a wide solder seam
was evident. Based on these results, another group of 16 lids

were sealed to hermetic packages for a final evaluation. Hermetic

seal yield results were as good as the yields achieved with our

present solder clad Kovar lid sealing process (close to 100%).
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3 Thus, at the conclusion of this program, we have demonstrated

that we can effectively use a non-solder clad Kovar lid for

j high yield seals. However, upon considering all the producibility

factors and their impact on labor and material costs, we conclude

that no advantage can be gained by making a channe from our original

solder clad Kovar material and seal process. Our rationale for

this decision is based on the following weighted factors chart.

PRESENTLY USED NEW NON-SOLDER
SOLDER CLAD CLAD KOVAR

FACTOR KOVAR LID* LID*

1. Cost of lid, ready to use 9 10

2. Time required for preparing 10 10
lid prior to seal

3. Time required to make the 10 10
seam seal

4. Seal yield 10 10

5. Experience, Maturity of 10 6
Process

6. Technical factors (solder 10 10
thickness, seal joint
strength)

• 10 Represents Most Favorable TOTAL 59 56

Discussion of Factors:

1. Our present base cost for purchasing solder clad lids is $2.27

per each as compared to a quot? for $2.04 per each for a non-

solder clad lid. Higher material cost savings were expected

but not realized because it was found necessary to nickel and

solder plate the non-solder clad lids to achieve acceptable

seal yields.
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2. Savinqs of labor in lid preparation did not accrue as expected

because of the necessity of solder plating the non-solder clad

lids. The solder plating was found to creep around the edaes

of the Kovar to the top so that is interfered with the seam

sealer electrodes. To eliminate this solder creeping action,

the edges of Kovar lid had to be abraided prior to sealing

just as we have to do with our present solder clad lid.

3. In the area of machine time for performing the seam seal

operation, the times should be equivalent after the operator

comes to the top of the learning curve.

4. As reported above, nickel/solder plating of the bare Kovar

did result in equivalent yields.

5. The maturity/experience factor is the most compelling reason

for staying with our original process especially when it is

not outweighed by the other factors. Perhaps even more

compellinq is the fact that many other similar packages are

made in this Facility and use similar solder clad Kovar lids

which are sealed in the same seam sealer. Thus, the operator

is highly experienced and skilled in makinq hiah quality

hermetic seals essentially using the same processing techniques

for a broad spectrum of hybrid products. The new lids will

require a change of processing technique and have the potential

for loss of Quality.

6. All other factors being equal, it is desirable, from a joining

strength point of view, to obtain a minimum thickness solder

joint for the lid seal. The non-solder clad lid does meet this

objective. However, subjective pull tests wherein the lid is

destructively removed from the package does not verify that

the thinner solder joint is in fact stronger. In any case, the

present lid seal using solder clad Kovar does meet all of the

mechanical qualification requirements of the module, thus

obviating the need to enhance the strength of the present

solder seal. Our lid seal development did have a positive
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result in that it demonstrated that alternate lid materials

can be used for hinh yield seals. This factor may be of value

ir the event that our present sole source solder clad Kovar lid

supplier is not able to make deliveries as required.

3.3.A.2 Results of Developments in Improving Semi-Automated Test/Tune

Software and Integration into Hardware.

The broad objective of this task was to reduce the labor

content and skill level required for testing and tuning R.F. Power

Modules plus simplifying the data collection and data reduction.

Specifically:

a. Tune amplifiers with CRT display of corrected

parameters such as power output, return loss and

efficiency vs frequency.

b. Incorporation of junction temperature and amplifier

time delay measurements into the basic system.

c. All tuning done in one test station in order to

observe and correct any performance deviation.

d. Once the amplifier is tuned, all important data to

be recorded on magnetic disk and with a printer for

hard copy.

To accomplish these objectives, the semi-automatic test station

requires the capability to test/tune 3 types of solid state modules;

Pre-drivers, Drivers and Power Amplifiers; four transistor types -

Classes A and C; and temperature evaluations from -550C to +800C.

Measurements must be made under varying load and temperature

conditions with minimal operator attendance.

The functions which this test station must Perform include:

Module tuning (pre-seal, post seal and post burn-in), parameter

calculations, parameter/data display, data transfer, design aid

and transistor tet.
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Considerations involved in developinq the improved test

station comprised the followinq:

PREVIOUS METHOD SEMI-AUTOMATIC STATION

Completely manual Computer controlled

High skill level operator Lower skill operator

- Technical Specialist - Technician

High labor content 50 to 75 percent reduction

5 Frequencies 20 Frequencies

2 Power levels 4 Power levels

5 Manual measurements 4 Manual measurements

2 Off Line calculations All calculations done in computer

Hand written data Disk, tape and hard printed data

The parameters to be measured in the modules and transistors are:

Input Power Harmonic Output

Return Loss Junction Temperature

Collector Current Pulse Droop

Collector Voltage Saturated Power

Phase Shift Spurious Output

Stability Efficiency

Figure 30 shows the block diagram of the test station and

Figure 31 shows a photo of one of the stations now in place and

operating full time. Two separate proarams were developed under this

Contract, one which emphasizes man machine interaction and the other

applying where cost effective, full automation for data collection.

In use, the pre-tuning steps are:

Visual inspection by tester

Input transistor IR data

o Measurement of lot emissivity

o Enter emissivity number

Module serial number/revision

Testers initials/test station

DC and RF runup
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The tuninq steps are:

Manual sweep rocessino Sweep processinq

Raw data System characteristics removed

Oscilloscope Graphics display
Presentati on

Real time Delayed presentation

Preliminary tuninq Machine language programminn

General Options

Recular or special parameters

Special IR scan routine

Figure 32 shows the module layout follower used on each module

for locating the tuning pads which are required to be used for

tuning the module to specification.

The sequence followed for tuning is:

Switch between return loss and power ouput vs frequency

o Special purpose keys on computer

RF and DC power to module controlled by special keys

o Off for tab insertion

o On for performance check

Selection of phase/frequency display

o Use of module phase trim

o Note phase tab requirement

Hard copy plot of each parameter set

o Special purpose keys

o Automatic data storace

Figures 33 and 34 show hard copies of the oscilloscope displays

of reflected input power (33) and delta phase (34) vs frequency/

output power.

1
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A summary of the performance capability of the station is listed:

Automatic except for:

Harmonic, spurious, IR scan, pulse breakup

test which are not cost effective

Program has four options:

Regular module or phase calibration

Room temperature or range of extremes

Single or multiple temperature cycles

Attended or unattended operation

The test stations capability for data collection is:

Phase calibration twice/shift - more frequent if required

standard module check twice per shift

Select temperature profile

Enter module data

Computer data search, check

o Option for changes

Data collection

o POUT PREFLECTED' ICC' VCC DROOP, PHASE

H, S, B Options

IR Scan

o 320C

o Nominal power input

o Computer interactive

Storage file indicated

Extended temp ranges

o IR scan option, each temperature

A typical computer print-out data sheet is shown in Figure 35.

3.3.4.3 Proof of Process Verification - Qualification Test Results

Qualification testing per Appendix "D" was performed on the group

of 25 R.F. Power Modules produced to verify the reliability of modules

incorporating improvements developed under this program. These tests

will assure that quality has not been compromised by virtue of these

changes. See Appendix "L" for test description and results.

54



i

3.3./.4 Benefits - In paranraphs #3.3.4.1 to #3.3.4.2 inclusive, we

l discussed the WM&T work done under this proqram and the results

achieved in the eleven identified tasks. The tasks dealt with

t our efforts under this contract to improve the producibility

(lower the cost) of the 100 W. R.F. Power Amplifier Module

which is used in a wide family of SSR's including the AN/TPS-59

I systems. In summary, the tasks covered imrprovement work in the

following areas:I
1. The cleaninn and oxidizinq of copper prior to the DB Cu

I operation.

*2. Developinq copper blanks to reduce trimming after DB.

*3. Feedthrouhs, using copper spheres to replace expensive

copper cylinders.

4. Lappin of feedthrough tops usino a machine to replace

I the manual method.

*5. Copper oxide removal.

*6. Feedthrouoh continuity test automation.

7. Glass sealinq, attempt to find a nitroqen fireable qlass.

8. Glass seal OC and strength measurement.

9. Establishina strength requirements for the module

structure.

10. Lid material and seal process.

*11. Testinn and tuning the module.

As previously reported, not all task efforts resulted in

successful implementation at the conclusion of contract supported

work. Resulting improvements from five of the eleven tasks are

now fully implemented in our production of '.F. Power Amplifier

Modules and are identified with an asterisk as 2, 3, 5, 6 and 11.

The cost benefits which may result from completing the remaining

six tasks are not included in the payback calculations of cost

savings accruing from work done under this MHl&T Contract.

5
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Cost Savings - Payback Calculation (1980 Dollars)

Total cost per module (less u-wave transistors)
at outset of contract = $612.12

Total cost per module (less u-wave transistors)
at end of contract = $303.73

Total cost savinqs per module after MM&T = $318.39

Conservative estimate of number of SSR systems to be produced over

the next ten years is 167 and on the average each system will use

400 modules including spares; therefore, 66,800 modules are to be

produced over a ten year payback period on !1r1&T investment.

Ten year gross savings - 66,800 x $318.39 = $21,268,452.

Less MM&T investment 300,000.

Net Savinqs $20,968,452

MM&T Payback Ratio 20,968,452 = 69.9 to 1

300,000

3.3.5 Implementation

The 5 improvements identified in Para. 3.3.4.4 which have been

listed as successful developments are now fully implemented in the

G.E. Co. Hybrid Facility in Syracuse for the production of

R.F. Power Amplifier products. These nodules are used in SSR

systems presently beinq built for the Government and its Allies.

Systems now in production are identified as AN/TPS-59, SEEK IGLOO,

U.K. and Q.M. Work on the remaining 6 incompleted tasks will be

continued as funds and resources become available. The benefits

which may result from completion of these tasks will be applied to

on-qoinq future production.
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3.3.6 System Safeq yand Hazard Analysi s- Final Re port

A system safety program in accordance with MIL-STD-882,

with certain customer approved exceptions, was conducted.

Preliminary hazard analysis in accordance with MIL-STD-882

were also performed on the processes, assembly techniques and

all materials related to the subject R.F. Power Amplifier

module. The final Safety Statement (Appendix "M") prepared by

our Safety Engineer is appended to this final report.

3.4 Drawings and Data Requirements per CDRL-DD-1423

The drawings, specifications and manufacturing control documents

applicable to this program are appended to this final report and

comprise the below list. The last items listed are the Product

Introduction Authorizations (PIA) sheets which follow the product

throuqh manufacturina/test and call out the appropriate manufacturino

and quality instructions (MPI/ESI/OCI).

APPENDIX DOCUMENT DESCRIPTION

A-] Spec. Control Dwg. #77C716283-Sh.l Power Mod.

A-2 Spec. Control Dwg. #77C716283-Sh.2 Power Mod.

B Elec. Spec. Dwg. #77AI00244 Power Mod.

D Qual. Test Procedure #85-47-10-1-0

E Ground Plane Blank #7248571

F Ground Plane Sub-Assembly #77C720004

G Ceramic Wall Blank #7248543

H Ceramic Wall Sub-Assew'biy #7248542

I Copper Sphere Feedthrough #7244612

N Product Introduction Authorization (PIA)
Dwg. #77D609398

Note Step #110 callinq out New Oxide Removal Process

0 PIA #7244612P1 - New Copper Sphere Process

P PIA #7248543P1 - New Ceramic Wall Blank Process
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4. INDUSTRY/GOVERNMENT DEBRIEFING

On our 18 March 1981 Industry/Government debriefing meeting

held at our hybrid facility in Syracuse, NY, we had 3 Industry

and 5 Government representatives in attendance. Presentations

on the activities and status of work performed under this contract

were given followed by a tour of the facility. Demonstrations

showing the contracted work were also given in the course of the

tour.

5. GIDEP PROGRAM

We have and continue to have procedures in place to fully

participate in the Government/Industry Data Exchange Program in

accordance with MIL-STD-1556A. Our representative has been made

aware of the work being done under this MM&T program. He will be

furnished a copy of this final report for inclusion in the data

exchange program.

There has not been any subcontractor participation in GIDEP

since no subcontracts in excess of $100,000 have been awarded

under this program.

We have additionally participated in the exchange of data with

Government and Industry by presenting a paper on 4 June 1980 at

ERADCOM on the subject and status of this MM&T program. The paper

has been published in the 1980 ERADCOM Hybrid Microcircuit Symposium

Proceedings, Ike Pratt Editor.

6. CONFERENCES

Three conferences were convened with NAVELEX program manager/

technical representatives. The first was held in our Syracuse, NY

Facility on 19 November 1979 with Messrs. Bicoff, Brown and Riqdon,

Navelex representatives, and our key program personnel. A detailed

program plan with status was presented together with a tour of our

hybrid facility. The second conference was held at NAVELEX on

21 April 1980 with Navelex representatives Brown and Stender and .-

peso nwA complete status update was presented and discussed. The

third and final conference was held in Syracuse following the 18 March 1981

GIDEP debriefing.

58

- -". .........................



7. DISPOSITION

The 25 proof of process modules (Item No. 0002) which have

been subjected to the qualification tests indicated in Para. 3.3.4.3

are being held at the GE Co., MESO Hybrid Facility pending NAVELEX,

Code 5402, instructions for shipping or other disposition.

8. CONCLUSION AND RECOMMENDATIONS

We conclude that the work done under this contract was

successful providing an excellent payback of 69.9:1 on the

MM&T investment. Five of the eleven initially identified

improvement tasks have been implemented on R.F. Power Modules

now in production for use on Solid State Radar Systems. This

rapid implementation into production products has provided ouick

payback and at the same time this improvement work was done

early enounh to benefit long term future production. Two more

improvement tasks are expected to be completed in the near

future and implemented into production for additional cost

benefits. The development task dealing with improving lid sealino

was completed but did not offer enough advantage to be worth

implementing. The remaining three non-implemented tasks require

additional funds to complete.

We recommend that development and verification work continue

on the three non-implemented tasks dealing with the glass seal

materials, means of testing glass seal strength and package stress

analysis to ascertain glass strength requirements. We also recommend

the approval and funding of five additional new Manufacturing

Technology Projects which were recently submitted to the NAVY

for consideration. These projects also deal with the subject

R.F. Power Module and upon successful implementation can additionally

reduce the Government and its' Allies acquisition cost of SSR Systems.

For reference, we list the Navy M.T. Project Briefs (Form NAVMAT 4800/2)

presented for consideration.
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SUBMITTED TO THESE
TITLE NAVY ORGANIZATIONS EST. BENEFITS

Unattended RF Power Module Naval Weapons Support 18:1
Testing Center-Crane, Indiana

Earl W. Riggs (Code 6062)

Also, Naval Electronics
Systems Command
Washington, D.C.
Carl Rigdon-Elex 813412

Computer Defined Tuning 33:1

of Power Modules

Machine Language Graphics 28:1

*Nitrogen Fireable Sealing 15:1

Glass Application
Development

Improved Large Area R.F. 7:1
Power Module Heatsink

Mechanized Assembly of
R.F. Power Modules

Plus, Naval Weapons 11:1
Center, China Lake, CA
Jim D. Raby (Code 3681)

*This project carries forward to completion work started under
this MM&T Program.

Early funding of these projects will yield maximum payback in

view of the fact that we are at the beginning phase of SSR Systems

production. The reliability of these systems has been demonstrated

creating solid long term production requirements. Considering the

large quantities of R.F. Power Modules used per system the cost

benefits per module which may be derived from the proposed MM&T

projects will have very significant favorable total system cost impact.
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9.P PERSONNEL

The following General Electric Co. personnel have been

closely associated with this program and have made important

contributions to its' success.

John Balko -System Safety Engineer

Howard Burris -Program Mgr. AN/TPS-59 Systems

Jack Chervenic -R.F. Power Module Product Engineer-Hybrid Facility

William Conger -Test/Tune Equipment Design and ProQramminq

James Conley -Mgr. of Mfg. Eng',i. - Hybrid Facility

Rudolph Delisio -Mfg. Assembly Process Engineer - Hybrid Facility

Joseph Dickson -Mfg. Process Specialist - Hybrid Facility

Terry Furhovden -Mgr. of Hybrid Facility

Charles Gioia -MM&T Program Mgr. - Hybrid Facility

John Grier -Consultant on Glass Technology - Hybrid Facility

Robert Jones -Mqr. of Product Eng'q - Hybrid Facility

Robert Kelly -QC Engineer

Donald Kortkamp -Mfg. Assembly Process Engineer - Hybrid Facility

Richard Loew -MM&T Contract Administration
Ronald Mann, PhD -Mgr. Mechanical Enaineering Analysis

Steven Tehon, PhD -Electronics Laboratory - Ultrasonic Systems

We extend our thanks to the Depdrtment of the NAVY, NAVAL

Electronics System Command for their support of this proqram and to

Messrs. Walter Stender and Carl Rigdon for their valuable comments

and quidance provided during the course of the Program.
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PR - N00039-78 PREW 205

THICK FILM COPPER
MICROSTRIPLINE CKT

DB Cu FEED THROUGH

F1 DB Cu REMOVED FROM
F-15 ALLOY COVER BOTTOM OF TRANS HOLE
SOLDER CLAD

MOLYBDENUM BLOW-UP

____________________SOLDER CLADDING

DB Cu WRAPPED AROUND

CERAMIC FRAME 
CERAMIC FRAME

(OR WALL)---- // A /

( OR WALL) DB Cu FROM BOTTOM

GLASS SEAL OF SUBSTRATE DRESSED
AND SOLDERED TO CuiJJ J /II[ ON FRAME

ALUMINA SUBSTRATE ' k

BLOW-UP- (

Figure 2. Cross-Section RF 100 W Power Module
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DB Cu FEEDTHROUGH
FUSED TO DB Cu GROUND PLANE

-ALUMINA

SUBSTRATE

THICK FILM COPPER
iA-STRIPLINE CKT FIRED INTO
FEEDTHROUGH TOP SURFACE

SOLDER ATTACH

I-- HOLY BASE PLATE

Figure 3. DB Cu Feed Through Section
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Fi~~ ~.Automatic Copper Oxidizing Machine



/- COPPER SPHERE AFTER DB
VOID / EXCESS'COPPER

.025' /SDS
SECT. A-A .2 / - BOTH SIDES)

WETTED SURFACES

A A

I 060" D. C

-___ -__ -__ -_ ALUMINA SURFACE

Figure 5. 0.055 In. Diam. Copper Sphere - Void Free Fill

EXCESS COPPER
(BOTH SIDES)

Figure 6. 0.065 in. Diam Copper Sphere - Void Free Fill
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I Side 2

31"

I Substrate

I Wall

I ___________cut at A and C/L

SieI
Copper

IFigure 7. Shear Test Specimen
1 Shear Force Applied

I Metal Push Bar

I Instron Tester

ISubstrate a1

I -Glass Seal Under
Test

I Vise

Figure 8. Test Set-Up
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~CENTRIFUGE

BOWL

CERAMICSUBSTRATE

~CERAMIC WALL

METAL SPACER

BLOCK

GLASSSEAL
UNDER TEST

Figure 9. Glass Seal Centrifuge Test
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1 Material

I1- Holy
2 - Solder
3 - Copper
4 - Alumina
5 - Glass-Seal16 - Kovar Thickness

MOLY. BASE c.oso)

j ~SOLDER (03

PB COPPER (.003)

I ALUMINA SUBSTRATE(.02

GLASS SEAL (.003)

I /ALUMINA FRAME (150)
D B COPPER (.003)

IKOVAR LID (.023)

0.2 _. 7

I0.204.7

j Figure 10. Section of 100W RF P.A. Module
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Figure 11. Finite Element Model (Moly Base)

Figure 12. Finite Element Model (Solder)
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I
I

V 7

Figure 13. Finite Model (DB Copper)

Figure 14. Finite Model (Substrate)
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Figure 15. Glass Seal

Figure 16. Alumina Wall
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Figure 17. DB Copper

Figure 18. Kovar Lid
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ISP STRUCTURAL ANALYSIS (A) CEONETRY ANSYS 2

Figure 20. Node Geometry
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lee' STRUClUPRI sautvsu3 Oi CESNMRY PO"Y 3

Figure 21. Side View J Module
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I
I

I

I

I
I
I

IS? STRUCIUIRO. aw"M'fSIS I0 Me5t A"SVS 2

Figure 22. Substrate Displacement ResultingI From Temp Extremes
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ISP STRUCTURAL AWAUYSIS (9) SMAX AWSY3 3

Figure 23. Max. Stresses on Sub Due to Temp Extremes
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I
I

II

ISP" STRUICTIRAL ANALYSIS tA) SHIN ANSYS t

Figure 24. Mmn Stresses on Sub Due to Temp Extremes
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TI;P STRI1f1TIRAt ANALYSIS -1500-C CENIRIFUCEL CEatIETRY ANSYS 1

Figure 25. Input Geometry for Centrifuge Stress
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DIANS'fS 2

ts? SI'TUUAL At4ALVSIS .150OOC CENTRIFUr,"

Figure 26. Displacement of Sub 
Due to Cent. Stress

81



ISP STRUCTURAL ANALYSIS -1500-C CENTRIFUCEI SMAX ANSYS 3

Figure 27. Sub Max. Stress Due to Centrifuge
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t5P SIPUCTURA1. ANALYSIS -1500-C CENIRIFUCEI SHIN ANSYS ~

Figure 28. Sub Min Stress Due to Centrifuge
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TSP STRUCTURAL ANALYSIS "1500-C CENTRIFUCE( TMRX ANSYS 5

Figure 29. Sub Tat. Max. Stress Due to Centrifuge
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(PMT2 Rovisead 618581)
(Phase Cal Module Serial No. -2 ,Data Run Of 0718/021981)

Ampltiir. RF (powier) 7701698842
Serial MO= R No.1

Module Status I
Time 1514 Hours, Batt 621981

TJH At Station No.2
VcC Is 3?. 3dbo RF Power Input At = Duty

Puq. se w S, RepRate ; - ertz
fiTature Is 3 D~

F PRESS5 KEY iKa TO EXIT; KEY K<4 FOR BPEAKUIP
V.Ef KS, THEN CONT. FOR TUPE TAE; KEY K14 FOR PLOT COPY

lx

I" __ _ FREUENCY(MCz

Fiur 33 yia ahn lto /Otu oe sRf n oe
VsRflce-1pt oe
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(PMT2 Revised 010591)

Phase Cal Module Serial No.-2 , Data Run Of 0718.021981)
Rmplifier, RF (power) ??D688042

Serial NoM R No.1
Module Status I

Time 1515 Hours, Date 921981
TJH At Station No.2

VcC Is ob .3Bm RF Power Input At Duty

Pulse ia uS RepRate ' aIt
Temperature Is 32DegC

PRES5 -.EY K2 TO EXIT; KEY K4 FOR BPEAKUP
\ V c, THEI1 COJT. FOR TLIIE TRBI KEY k14 FOR PLOT COPY 2

X Li

W W

L "nj

'A

aN
-01

FREQUENCY (1IHz)

Figure 34. Typical Mach Plot of f/Output Power Vs Delta Phase
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(TPMTI Revised 010581)
(Phase Cal Module Serial No.-2 , Data Run Of 0716/020481)

Amplifier, RF (power) 77D688042
Serial Nor, R No.3

Time 0937 Hours, Date 020481
3GB At Station No.I

Vcc Is=; 37.3dBm RF Power Input At i Duty
Temperature Is 32DegC

Module Phase Tab Designator Is 4

Freq Pout Ret Ic Eff Droop Phase
MHz W Loss Amps .% % Dog

(dB) (40%/  (12%

Min) Max)

Fl 109.8 21.2 9.7 40.9 7.2 -38.4

F2 108.8 21.8 9.7 40.6 8.5 34.0

F3 108.6 19.2 9.7 40.3 9.6 104.1

F4 103.9 24.0 9.0 41.8 8.4 167.2
F5 100.4 22.3 8.6 41.8 7.5 -125.7

Freq Har.m Other Pulse Transistor
MHz (35dS Spur Break- Ho.-t Cell

Mir,, (60d up __Dut _

Mi r) _01 02 03
N N X F,MHz

Fl N X CNUM 3 12 1
F2 hi N X CTDegC 115.3 141.1 141.8
F3 Ni N x ST,DegC 32.9 32.9 32.9
F4 N N . DT,DegC 82 4 10. 3 109.0
F5 Ic,A 9.7 9.7 9.7

Where: CNUM=Cel 1 Number
CT=Cell Temperature
ST-Sink Temperature

DT-Delta Temperature

Figure 35. Typical Computer Print-Out Data Sheet
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APPENDIX A

RADIO FREQUENCY AMPLIFIER (POWER)
(Specification Control Drawings)

(2 Pages)
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APPENDIX B

RADIO FREQUENCY AMPLIFIER (POWER)
(Specifications) (25 Pages)
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jT2WOAGLE PROJECTION. REVISIONS

- REVI DESCRIPTIONDAE PROD

Lf RANCE SON

3 PL Or.CIMALS

C.MENIO%,NAND7 1119 I2Ol21 2223 4 25I
ACORDA1'.C I R'7 REV STATUS REV [JJ
.S-±l4' 1973 ,OF SHEETS SN 1 4L~,7a2

COPJT Nm- 79
SIGNATLURES y" I MO JDAY GNRL0EETI

Isa 0 61 IPED sYRlACUS Al y

si) i I/Z, AMPLIFIERr RADIO
1___045 FREQUENCY (POWER)

:- 77 Y c~ SIEM PC NET O
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1. SCOPE

SCOPE: THIS SPECIFICATION COVERS THE DETAIL REQUIREMENTS FOR
"" WATT HYBRID MICROCIRCUIT MICROWAVE POWER AMPIIFIER
MODULE. THE SPECIFICATION PROVIDES FOR A LEVEL OF HYBRID
MICROCIRCUIT QUALITY AND RELIABILITY ASSURANCE FOR PROCUREMENT
OF MICROCIRCUITS BASED ON MIL-M-38510 AND MIL-STD-883.

IN
1.2 PART NUMBER: THE COMPLETE PART NUMBER SHALL BE AS FOLLOWS:

03538-77C7162B3P2

N 1.3 ABSOLUTE MAXIMUM RATINGS:

SUPPLY VOLTAGE, VCC 32.0 VDC
HEAT SINK TEMPERATURE, OPERATING 80C
PEAK RF INPUT DRIVE POWER LEVEL 38.5 DBM
PULSE WIDTH 2.0 MS
CONTINUOUS DUTY FACTOR 20 %
STORAGE TEMPERATURE RANGE -65 TO +125*C

VSWR, LOAD 3:1

I 1.4 TYPICAL OPERATING CONDITIONS:

SUPPLY VOLTAGE 28.0 VDC
HEAT SINK TEMPERATURE RANGE -40 TO +69C
FREQUENCY RANGE 1215 TO 1100 MHZ
PULSE WIDTh, MAXIMUM 2.0 MSDUTY FACTOR, MAXIMUM 18 %

PEAK RF INPUT DRIVE POWER LEVEL 37.3 0BM
VSWR, LOAD, MAXIMUM 1.3:1
PEAK POWER OUTPUT 50 DBM

2. APPLICABLE DOCUMENTS

I

|'

GENERAL ELECTRIC SZ FSCM NO OING NO REvrj,
.. RD SRACUSE . A 0 5 7104
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2.1 THE FOLLOWING DOCUMENTS AND ISSUES AND REVISIONS THERETO IN
EFFECT ON THE DATE OF THIS SPECIFICATION FORM A PART OF THIS
SPECIFICATION TO THE EXTENT SPECIFIED HEREIN:

GOVERNMENT DOCUMENTS

M NIL-M-38510 MICROCIRCUITS, GENERAL
0 SPECIFICATION FOR
0
- MIL-G-45204 GOLD PLATING, ELECTROOEPOSITED

MIL-STD-883 TEST METHODS AND PROCEDURES
FOR MICROELECTRONICS

MIL-HDBK-217 RELIABILITY PREDICTION OF
ELECTRONIC EQUIPMENT

NON-GOVERNMENT DOCUMENTS

03538-7327371 MODULE TEST FIXTURE
03538-7342817G1 MODULE PHASE REFERENCE
03538-77C716283P2 AMPLIFIER, RADIO FREQUENCY
IEEE STANDARD NO. 260 STANDARD LETTER SYMBOLS FOR

UNITS OF MEASUREMENT
NP 261734 IDENTIFICATION PLATE

3. REQUIREMENTS

3.1 TERMS DEFINITIONS AND SYMBOLS- THE TERMS, DEFINITIONS, AND
SYMBOLS OF IEEi STANDARD NO. 260 AND THOSL DEFINED HEREIN SHALL
APPLY TO THIS SPECIIFICATION. IN CASE OF CONFLICT, THE LATTER
SHALL GOVERN.

3.1.1 DEFINITIONS

3.1.1.1 MODU A MODULE IS AN AMPLIFIER, RADIO FREQUENCY (POWER) BUILT
TO TH REQUIREMENTS OF THIS SPECIFICATION.

3.1.1.2 INSPECTION LOT: AN INSPECTION LOT SHALL CONSIST OF 5c OR LESS
MODULES SUBMITTED AT ONE TIME FOR QUALITY CONFORMANCE
INSPECTION IN ACCORDANCE WITH THE REQUIREMENTS OF THIS
SPECIFICATION. EACH INSPECTION LOT SHALL CONSIST OF MODULES,
ALL OF M4ICH WERE MANUFACTURED ON THE SAME PRODUCTION LINE,
TO THE SAME DESIGN, WITH THE SAME MATERIAL REQUIREMENTS, WITH
THE SAME PROCESSES AND SEALED WITHIN THE SAME PERIOD NOT
EXCEEDING 6 WEEKS,

3.1.1.3 HEATSINK THE TERM HEATSINK AS USED HEREIN SHALL REFER TO THE
HEATS1INKWHICH IS AN INTEGRAL PART OF THE TEST FIXTURE
SPECIFIED IN 3.3.1.1.

3.1.1.4 PEAK POWER OUTPurT PEAK POWER OUTPUT IS THE AVERAGE POWER
OUTPUT, DIVIDED BY THE DUTY FACTOR.

GENERL f' " ELECTRIC
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3.1.2 SYMBOLS AND ABBREVIATIONS:

THS - HEATSINK TEMPERATURE

G - GRAVITATIONAL UNIT OF ACCELERATION

Iq T.I.R. - TOTAL INDICATED RUNOUT

S3.2 DEI N Ag ONSTRUCTIONz THE DES'GN, CONSTRUCTION AND PHYSICAL
o DIMENSIONS SHALL BE AS SPECIFIED HEREIN AND ON OUTLINE
o DRAW ING 03538-77C716283P2.

f- 3.2.1 MATERIALS, PROCESSES, AND PARTS

3.2.1.1 TRANSISTOR METALLIZATION: ONLY GOLD/REFRACTORY METALLIZAIION
SHALL BE USED.

3.2.1.2 BASE PLATE E NLSHa THE MAJOR EXPOSED SURFACE OF THE MODULE
BASEPLATE (REFER TO OUTLINE DRAWING) SHALL HAVE A NICKEL FINISH,
WITH A THICKNESS OF 5UO MICROINCHES, MINIMUM.

3.2.1.3 ERMINA FIN1SH# THE TOP SURFACES OF THE RF INPUT, RF OUTPUT
AND _C INPUT PADS (REFER TO OUTLINE DRAWING) SHALL BE GOLD PLATED
PER MIL-G-45204, TYPE I, GRADE A, CLASS 3.

3.2.1.4 HERMETIC SEALS: HERMETIC SEALS SHALL BE CONSTRUCTED OF GLASS,
METAL, CERAMIC OR A COMBINATION OF THESE MATERIALS.

3.2.1.5 MODULE TYPES. AMPLIFIER MODULE TYPES MAY BE EITHER OF THE
FOLLOWING:

TYPE I HERMETICALLY-SEALED MODULE
TYPE 11 NONHERMETICALLY-SEALED MODULE

TYPE I MODULE SHALL BE HERMETICALLY SEALED; SEMICONDUCTOR
DEVICES USED THEREIN ARE NOT REQUIRED TO BE INDIVIDUALLY
HERMETICALLY SEALED. TYPE -2 MODULE SHALL BE ENCLOSED; SUCH
ENCLOSURE SHALL BE CAPABLE OF WITHSTANDING ENVIRONMENTAL
TESTING SPECIFIED HEREIN; ALl SEMICONDUCTOR DEVICES USED IN THE
TYPE fL MODULE SHALL BE INDIVIDUALLY CR COLLECTIVELY SEALED
USING HERMETIC SEAL CONSTRUCTION.

3.2.1.6 TERMINAL ISOATION THE TERMINAL PADS (SEE OUTL:NE DRAWING)
AE INTENDED TO BE MATED WITH SPRING CONTACTS. TO PREVENT
ELECTRICAL SHORTS BETWEEN THESE SPRING CONT'CTS AND nTHER PARTS
OF THE MODULE, MODULE SURFACES IMMEDIATELY ADJACENT TO THE
TERMINAL PADS SHALL BE NON-CONDUCTIVE.

3.2.2 SHIELDING. ELECTROMAGNETIC. THE MODULE SHALL BE SHIELDED BY
THE USE Of INTERCONNECTED CONDUCTIVE SURFACES.

3.2.3 MARKING: MARKING SHALL BE LOCATED AS INDICATED ON THE OUTLINE
DRAWING (SEE 3.2) AND SHALL INCLUDE: MANUFACTURER'S
IDENTIFICATION AND ITEM NUMBER, COMPLETE PART NUMBER (SEE 1.2),
UNIQUE SERIAL NUMBER (SEE 4.2.6 AND 6.2) AND A 4-DIGIT DATE
CODE INDICATING THE WEEK AND YEAR OF MANUFACTURE. THE MARKING
SHALL BE LEGIBLE AND SHALL MEET THE ENVIRONMENTAL REQUIREMENTS
OF THIS SPECIFICATION.

GENERAL ELECTRIC SIZ Cm NO *No 77ADO244
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3.2.3.1 BERYLLIUM OXIDE PACKAGE IDENTIFIER: IF THE MODULE CONTAINS
n BERYLLIUM OR BERYLLIUM OXIDE (SEE 6.3). IDENTIFICATION PLATE

(DANGER LABEL) NP261734 SHALL BE 'FFIXED TO THE MODULE IN THE
LOCATION SHOWN ON THE OUTLINE DRAWING (SEE 3.2).

3.2.4 PROV S ONS. ALL REWORK SHALL BE IN ACCORDANCE WITH THE
N S UPPLIER'SAPPROVED PRODUCT ASSURANCE PLAN (3.6.1.2). REWORK

o PROCEDURES SHALL BE AVAILABLE FOA REVIEW BY THE PROCURING
o ACTIVITY.

< 3.3 ELECTRICAL PERFORMANCE REQUIREMENTS

3.3.1 GENERAL REQUIREMENTS AND CONDITIONS

3.3.1.1 TEST FIXTURE: THE ELECTRICAL PERFORMANCE REQUIREMENTS HEREIN
SHALL APPLY WHEN THE MODULE IS MOUNTED iN TEST FIXTURE
03538-7327371. THIS TEST FIXTURE HAS A HEATSINK WITH A
SURFACE FLATNESS OF .001 INCH T.I.R., AGAINST WHICH THE MODULE
IS HELD WITH A FORCE OF 10 POUNDS.

3.3.1.2 TEMPERATURE: THE MODULE SHALL MEET THE ELECTRICAL PERFORMANCE
REQUIREMENTS HEREIN AS STATED BELOW FOR THE INDICATED
TEMPERATURE RANGE:

HEATSINK TEMPERATURE REQUIREMENT

-50* TO +69°C FULL PERFORMANCE AFTER 30 MINUTES
OF OPERATION, AT 10 PERCENT
DUTY FACTOR.

"40* TO +69*C FULL PERFORMANCE.

-65* TO +80C (,PERATION WITHOUT DAMAGE.

3.3.1.3 BANDWIDTH, THE MODULE SHALL MEET ALL PERFORMANCE REQUIREMENTS
ANY WHERE WITHIN THE BAND FROM 1215 TO 1400 MEGAHERTZ.

3.3.1.4 SUPPLY VOTAGh, THE MODULE SHALL BE CAPABLE OF MEETING ALL
PERFORMANCE REQUIREMENTS WHEN SUPPLIED WITH A DC VOLTAGE OF
28 -0.05 VOLTS, WITH 0.6 VOLT DECREASE OVER A 2.0 MiLLISECOND
OUTPUT PULSE.

3.3.1.5 ABNORMAL SUPPLY VOLTAGE CONDITION. THE MODULE SHALL OPERATE
WITHOUT DAMAGE DURING OCCASIONAL PERIODS OF UP TO ONE SECOND
DURATION WHEN THE SUPPLY VOLTAGE IS AS HIGH AS 32 VOLTS DC.

3.3.1.6 RF INPUT POWER: THE MODULE SHALL OPERATE AS SPECIFIED WHEN
THE INPUT PEAK PULSE POWER IS AS DEFINED FOR STANDARD TEST
CONDITIONS FOR ELECTRICAL TESTING, TABLE m.

3.3.1.7 PULSE WIDTH UNLESS OTHERWISE SPECIFIED HEREIN, THE MODULE
SHALL MEET ALL PERFORMANCE REQUIREMENTS AT ANY PULSE WIDTH FROM
50 TO 2000 MICROSECONDS.
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3.3.1.8 UTYEFCTORi THE MODULE SHALL BE CAPABLE OF SUSTAINED
OPERATION AT A DUTY FSCTOR OF 18 PERCENT AND INTERMITTENT
OPERATION, FOR 10 MILLISECOND PERIODS, AT A DUTY FACTOR
OF 36 PERCENT.

3.3.2 POWER OUTPUT: THE MODULE SHALL PROVIDE A PEAK POWER OUTPUT
OF AT LEAST 49.23 DBM AVERAGED OVER THE INPUT POWER RANGE,

O P1 TO P3 (DEFINED IN TABLE M). THE PEAK POWER OUTPUT

AVERAGED OVER ANY INSPECTION LOT (3.1.1.2) AND AVERAGED OVER
THE INPUT POWER RANGE SHALL CE AT LEAST 49.73 DBM, ABOVE A
HEAT SINK TEMPERATURE OF 57 DEGREES C, THE POWER REqUIREMENT
IS REDUCED BY 0.01 DB PER DEGREE C UP TO THE MAXIMUM RATED
OPERATING HEAT SINK TEMPERATURE. THE MAXIMUM PEAK POWER
OUTPUT SHALL NOT EXCEED 51.46 DBM.

3.3.3 PHASE ANDO AMPLITUDE STABILITY- FOR A SEQUENCE OF THREE
100-MICROSECOND PULSES, SPACED BOU MICROSECONDS APART,
THE VARIATION IN PHASE AND AMPLITUDE FROM A LINEAR FIT SHALL
NOT EXCEED 0.01 DEGREE AND 0.001 DB.

3.3.4 PUSHING FACTOR, WITH CHANGE IN SUPPLY VOLTAGE: THE PHASE AND
AMPLITUDE CHANGE WITH CHANGE IN THE 28-VOT SUPPLY SHALL NOT
EXCEED 6 DEGREES PER VOLT AND 0.3 DB PER VOLT, AVERAGED OVER
EACH INSPECTION LOT. PHASE SHALL uE MEASURED 50 MICROSECONDS
INTO THE PULSE.

3.3.5 PUSHING FACTOR WITH CHANGE IN RF INDUT DOWER: THE PHASE AND
AMPLITUDE CHANkE WITH CHANGE IN RF INPUT 3W SHALL NOT EXCEED
20 DEGREES PER DB AND 1.0 06 PER 08 FOR EACH POWER MCULE.
PHASE SHALL BE MEASURED 700 MICROSECONDS INTO THE PULSE.

3.3.6 PULSE DROOP: WHEN THE SUPPLY VOLTAGE FOR THE MODULE DECREASES
0.6 VOLT OVER A 2-MILLISECOND PULSE, THE PHASE AND AMPLITUDE
CHANGE OVER THE PULSE SHALL NOT EXCEED 25 DEGREES AND 0.5 0B.

3.3.7 SPURIOUS OUTPUTS: AT FREQUENCIES MORE THAN 69 MHz, AND LESS
THAN 250 MHz, REMOVED FROM THE CARRIER, THE SPECTRAL DENSITY
FOR A 100 MICROSECOND SIMPLE PULSE SHALL NOT EXCEED -80 0B
WITH RESPECT TO THE MAXIMUM SPECTRAL DENSiTY. THE POWER MODULE
SHALL HAVE NO OUTPUTS UNRELATED TO IHE INPUT SIGNAL, GREATER
TH4AN -10 OBM DURING THE RF PULSE. THE NOISE POWER OUT OF A
POWER MODULE UNDER NO-PULSE CONDITIONS SHALL NOT EACEED -170
DBM/HZ.

3.3.8 HARMONIC OUTPUT: ANY HARMONIC OR SUSHARMONIC OF THE OUTPUT
SIGNAL SHALL NOT EXCEED 15 DBM PEAK.

GENERAL Wff ELECTRIC 0 ISI NO 8 OWOY NO A1OJ.
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rI.. 3.3.9 SUPPLY CURRENT- THE AVERAGE SUPPLY CURRENT AT 18 PERCENT DUTY
ACTOAANYFRQUENCY AND TEMPERATURE, AND AVERAGED OVER

PIN 2' 3- AND P4 (DEFINED IN TABLE "), SHALL NOT EXCEED
1.84 AMPERES DC. THE AVERAGE OF ANY INSPECTION LOT UNDER THE
SAME CONDITIONS SHALL NOT EXCEED 1.67 AMPERES DC.

o 3.3.10 SE RISE TIME: THE RISL TIME OF THE OUTPUT PULSE
o MEASUREDFRTE4 PERCENT TO THE go PERCENT VOLTAGE

AMPLITUDE POINTS SHALL NOT EXCEED 0.15 MICROSECONDS.

, 3.3.11 T PU LSE FALL TIME: THE FALL TIME OF THE OUTPUT PULSE
MEASURED F THE 9U PERCENT TO THE 10 PERCENT VOLTAGE

AMPLITUDE POINTS SHALL NOT EXCEED 0.15 MICROSECONDS

3.3.12 PHASE ERROR: AT PIN - P2 (SEE TABLE =) AND AT ANY MEASUREMENT

TEMPERATURE, THE DIFFERENCE BETWEEN THE MEASURED MODULE PHASE
SHIFT AND THE TARGET PHASE SHIFT OF TABLE I SHALL NOT EXCEED
±22 IDEGREES. ALL PHASE SHIFT MEASUREMENTS SHALL BE WITH RESPECT
TO THE 320C PHASE SHIFT OF THE PHASE REFERENCE MODULE (SEE 2.1).
THE INSPECTION LOT AVERAGE PHASE ERROR SHALL NOT EXCEED
8.3 DEGREES RMS AT 50 MICROSECONDS INTO THE PULSE OR 8.0 DEGREES
RMS AT 700 MICROSECONDS INTO THE PULSE.

TABLE I (REQT 3.3.12)

TARGET PHASE SHIFT, (F, THS, t)

FREQUENCY IN MEGAHERTZ (F)

t, F s THS, °C
1215 1261.25 1307.5 1353.75 1400

50 .320
50 -32
50 +57

700 -40 .

700 +32 I,_
700 +57

DRAWN "MOSRCS.NY 
0 5 8 7I04

ISSUED 460-//.,7 SCL ---7L--- -T 7 .

108

-J ..... " .... '. ........................................-. ,.k ,..-. .:... _...... ........-'-" ., ... -



I
I
I

3.3.13 INPUT VSwR: THE INPUT VSWR OF THE MODULE AS MEASURED IN
. TEST FIXTURE 03538-7327371 SHALL NOT EXCEED 1.3:1.

3.3.14 ERTLERNE WITH A 1.3:1 VSWR AT ANY ANGLE, THE

DETECTED OUTPUT PULSE ENVELOPE SHALL BE VIEWED ON AN
OSCILLOSCOPE WITH A MINIMLI'M PULSE AMPLITUOE OF 5 CENTIMETERS

SAND A MAXiMUM OF 8 CENTIMETERS CN THE OSCILLOSCOPE FACE. THERE
0 SHALL BE NO DISCONTINUITIES BETWEEN THE 90 PERCENT AMPLITUDE

POINTS AT ANY FREQUENCY WIIHIN THE SPECIFIED FREQUENCY BAND.

3I. 3.1 4 .1 VSWR CAPABILITY. THE MODULE SHALL NOT BE DAMAGED DY A LOAD
rVSvwR CF 3 : 1 AT ANY PHASE ANGLE, AT STANDARD ELECTRICAL TEST

CONDITIONS DEFINED IN TABLE =I AND HEAT SINK TEMPERATURES
OF -4U, 32, AND 57 DEGREES C.

3.3.15 JUNCTION TEMPERATURE: FOR AN 800-MICROSECOND PULSE WIDTH, '
A6 ±1 PERCENT DUTY FACTOR, A HEATSINK TCMPERATURE OF 32 ±3

0
C

AND PIN ' P2 (DEFINED IN TABLE 1'-), TiE MAXIMUM PEAK

TRANSISTOR JUNCTION TEMPERATURE SHALL NOT EXCEED 15C DEGREES C,

1 3.4 MECHANICAL AND ENVIRONMENTAL REQUIREMENTS

3.4.1 GENERAL: THE MODULE SHALL BE DES!GNED FOR OPERATION, TRANSPORT,
NUST-ORAGE UNDER ANY PRACTICAL COMBINATION OF THE CONDITIONS
GIVEN HEREIN.

3.4.2 SHOCK. MECHANICAL: U? TO 30 G PEAK IN ACC)RDANCE WITH TEST
CONDITIbNS AND POCEDURES IN MIL-STD-883, METHOD 20r2.

3.4.3 VIBRATION* THE MODULE SHALL HVE NO MECHANICAL RESONANT
rREQUENCIES UNDER 25 HERTZ W-EN TESTED IN ACCORDANCE WITH

MIL-STD-883, METHOD 2007, CONDITION A.

3.4.4 ACCELERATION: UP TO 5000 6 CONSTANT ACCELERATION WHEN TESTED IN
ACCORDANCE WITH MIL-STD-883, METHOD 2001, CONDITION A, IN THE
Y-1 DIRECTION.

3.4.5 T A HOK THE MODULE SHALL MEET ALL SPECIFIED REQUIREMENTS
AFTER EINGSUBJECTED TO THE THERMAL SHOC; TEST OF 4.4.4.1.

3.4.6 HUMIDITY AN MOISTURE THE MODULE SHALL BE DESIGNED FOR
N AN STORAGE AT RELATIVE HUMIDITY CONDITIONS FRCO'

ZERO TO 100 PERCENT. THE MODULE SHALL BE CAPABLE OF MEETING
MOISTURE RESISTANCE TESTING IN ACCORDANCE WITH MIL-STD-883,
METHOD 1004.

3.4.7 SALT ATMOSPHERE* THE MODULE SHALL BE CAPABLE OF MEETING SALT
ATMOSPHERE TESTING IN ACCORDANCE WITH MIL-STD-883, METHOD 1OC9,

I CONDITION A.

I GENERAL g ELECTRIC SrZE 1SC NO OGNO 004 V
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ai 3.4.8 ALTITUDE: ZERO TO 15,000 FEET, OPERATING; ZERO TO 50,000 FEET,
I_ NON-OPERATING.

3.4.9 T MPERATRE CYCLING: -55 TO +125 DEGREES C, IN ACCORDANCE WITH
MIL-ST-Bj3. METHOD 1010, CONDITION B.

0 5 RELIABILITY
0 3.5.1 FAIURE RATE: THE PREDICTED FAILURE RATE OF THE MODULE SHALL

< BE LESS THAN 2.0 FAILURES PEP, MILLION HOURS,

3.5.1.1 FAILURE RATE PREDICTION: THE PREDICTION SHALL BE IN ACCORDANCE
WITH MIL-HDBK-217, FOR A GROUND FIXED ENVIRONMENT, A PACKAGE
TEMPERATURE OF 67 DEGREES C AND A QUALITY LEVEL B (SEE 3.6.1.2).

3.6 PRODUCT ASSURANCE REQUIREMENTS

3.6.1 j)ALJFhICATION: A PRODUCT FURNISHED UNDER THIS SPECIFICATION
HALL NOT APPROVED FOR DELIVERY, NOR ACCEPTED, UNTIL SUCH
PRODUCT HAS BEEN QUALIFIED. QUALIFICATION SHALL CONSIST OF
ALL REQUIREMENTS IN 3.6.1.1 THROUGH 3.6.1.3. QUALIFICATION
APPROVAL WILL BE GRANTED IN WRITING BY THE PROCURING ACTIVITY
UPON SUCCESSFUL COMPLETION OF THE REQUIREMENTS SPECIFIED THEkEIN.

3.6.1.1 PREDICTION REPORT. A REPORT OF THE FAILURE RATE PREDICTION OF
3.5.1.1, OR SUFFICIENT DESIGN AND CONSTRUCTION DATA NEEDED TO
GENERATE SUCH A PREDICTION, SHALL BE SUBMI-TED TO THE PROCURING
ACTIVITY FOR APPROVAL PRIOR TO QUALIFICATIvN INSPECTION (SEE
3.6.1.3). APPROVAL SHALL BE FOR TECHNICAL CONTENT.

3.6.1.2 PRODUCT ASSURANCE PLAN- THE SUPPLIER SHALL ESTABLISH, IMPLEMENT
AND MAINTAIN A PRODUCT ASSURANCE PROGRAM FOR THE MODULE IN
GENERAL ACCORDANCE WITH THE APPLICABLE PROVISIONS OF MIL-M-38510
APPENDIX A. A PRODUCT ASSURANCE PROGRAM PLAN SHALL BE SUBMITTED
TO THE PROCURING ACTIVITY FOR APPROVAL PRIOR TO QUALIFICATION
INSPECTION. APPROVAL SHALL BE FOR CONSISTENCY WITH THE MODULE
QUALITY LEVEL ASSUMED IN THE PREDICTION OF 3.5.1.1.

3.6.1.3 ?'ALIFICATION INSPECTION. MODULE SAMPLES SWALL BE SUBJECTED
AN THE QUALIFICATION INSPECTION OF 4,.

QUALIFICATION INSPECTION SHALL BE PERFORMED ON INITIAL
PROCUREMENT, AND THEREAFTER AS SPECIFIED BY THE PROCURING
ACTIVITY. EACH TIME QUALIFICATION INSPECTION IS PERFORMED, A
QUALIFICATION TEST REPORT (SEE 4.5.4) SHALL BE SUBMITTED TO THE
PROCURING ACTIVITY FOR APPROVAL. APPROVAL WILL BE FOR
COMPLETENESS, AND CONFORMANCE OF THE TEST RESULT TO THE
REQUIREMENTS OF THIS SPECIFICATION.
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3.6.2 SCREENING: EACH MODULE FURNISHED UNDER THIS SPECIFICATION
0 SHALL HAV BEEN SUBJECTED TO AND FASSED THE SCREENING TESTS

OF 4.2.

3.6.3 %JAL TY CONFORMANCE: MODULES SHALL NOT BE APPROVED FOR DELIVERY;
"OR ACCEPTED, UNTIL THE INSPECTION LOT COMPRISED OF THOSEI MODULES HAS PASSED THE QUALITY CONFORMANCE INSPECTION OF 4.3.

SALL MODULES OFFERED FOR ACCEPTANCE SHALL BE MANUFACTURED ON
0 THE SAME PRODUCTION LINE, TO THE SAME DESIGN, WITH THE SAME
0 MATERIAL REQUIREMENTS AND WITH THE SAME PROCESSES AS THE MODULES

WMICH HAVE BEEN QUALIFIED (3.6.1). NO CHANGE IN DESIGN, PARTS,
MATERIALS OR PROCESSES SHALL BE INCORPORATED INTO THE MODULES
OFFERED FOR ACCEPTANCE WITHOUT PRIOR APPROVAL OF THE PROCURING
ACTIVITY.

4. QUALITY ASSURANCE PROVISIONS

4.1 GENERAL

4.1.1 RESPONSIBILITY FOR INSPECTION: UNLESS OTHERWISE SPECIFIED,
THE SUPPLIER IS RESPONSIBLE FOR THE PERFOR4ANCE OF ALL
INSPECTIONS SPECIFIED HEREIN. THE PROCURING ACTIVITY RESERVES
THE RIGHT TO PERFORM ANY OF THE INSPECTIONS SET FORTH IN THIS
SPECIFICATION WHERE SUCH INSPECTIONS ARE DEEMED NECESSARY TO
ASSURE THAT THE PRODUCT CONFORMS TO THE PRESCRIBED REQUIREMENTS.

4.1.2 CLASSIFICATION OF INSPEqTNS: THE EXAMINATIONS AND TESTS
REQUIRED TO AS5URE CONF CE TO THE REQ' IREMENTS OF SECTION
3.0 ARE CLASSIFIED AS FOLLOWS:

REQUIREMENT PARAGRAPH

SCREENING 4.2

QUALITY CONFORMANCE 4.3
QUALIFICATION 4.4

DATA 4.5

4.2 SCREENING

4.2.1 SCREENING PROCEDURES: SCREENING SHALL BE IN ACCORDANCE WITH
TABLE fl AND AS SPECFIED HEREIN.

S4.2.2 'CA MEAS REENTSi THE DETAIL REQUIREMENTS OF SCREENING
STEPS MAY B M ODIFIED BASED ON THE RESULTS OF ELECTRICAL
TLSTING DURING QUALIFICATION. ALL SCREENING MODIFICATIONS
SHALL BE APPROVED BY THE PROCURING ACTIVITY PRIOR TO
IMPLEMENTATION.
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L
- .2.3 1NTERNA' VISUAL INSPECTiON: FOR TYPE I MODULES (SEE 3.2.1.5)

INTERNAL VISUAL INSPECTION SHALL BE PERFORMED IMMEDIATELY
PRIOR TO SEALING THE MODULE. FOR TYPE II MODULES, INTERNAL
VISL'AL INSPECTION(S) SHALL BE PERFORMED AT THE LATEST POINT(S)
IN THE FABRICATION PROCESS BEYOND WHICH SUCH INSPECTION IS NOT
FEASIBLE.

C .2.4 SEAL TEST FOR TYPE = MODULES (SEE 3.2.1.5) THE SEAL OF EACHC HERMETIC COMPONENT OR SUBASSEMBLY SHALL BE TESTED PER TABLE rl
< PRIOR TO BURN-IN. THE SEAL TEST(S) SHALL BE PERFORMED AT A
rl- SUITABLE POINT(S) IN THE FABRICATION AWO SCREENING PROCESS.
N._
S4.2.5 JUNCTION TEMPERATURE TESTS" THE JUNCTION TEMPERATURE SHALL

BE MEASURED BY MEANS OF AN INFRA-RED RADIOMETER (INFRA-RED
MICROSCGPE) SENSITIVE IN THE RANGE OF 2 TO 10 MICRONS;
MEASUREMENT BANDWIDTH SHALI. BE AT LEAST 10 KILOHERTZ.
HALF-POWER FOCAL DIAMETER SHALL BE 1.5 MILS. THE INFRA-RED
MICROSCOPE SHALL BE USED TO SCAN THE AREA OF EACH CELL OF EACH
TRANSISTOR IN THE MODULE, AT EACH OF THE SPECIFIED FREQUENCIES.
THE MAXIMUM PEAK TEMPERATURE OF EACH TRANSISTOR SHALL BE
RECORDED.

4.2.5.1 EMISSIVITY: THE RADIOMETER EMISSIVITY SETTING SHALL BE EIT'ER
THE EMISSIVITY OF THE INDIVIDUAL Tr.ANSISTOR CHIP BEING MEASURED
OR THE AVERAGE EMISSIVITY FOR THE WAFER LOT APPLICABLE TO THAT
TRANSISTOR CHIP.

4.2.6 .SERIAL1ZATION* PRIOR TO THE START OF SCR ENING PER TABLE 11,
EACH MODULE SHALL BE MARKED WITH A UNIQUE SERIAL NUM:BR.
REFER TO REQUIREMENT 3.2.3 AND NOTE 6.2.

4.2.7 DELTA LIMITS, AT ANY SPECIFIED TEST FREQUENCY, THE
DlFER ENCB TWEEN THE VALUES OF PEAK POWER OUTPUT (TEST 2)
MEASURED IN STEPS 6 AND 8 OF TABLE Il SHALL BE RECORDED AND
SHALL NOT EXCEED 0.5 0B. FOR ALL OTHER TESTS SPECIFIED IN
STEP 6, THE DELTA VALUES SHALL BE COMPUTED DURING STEP B,
AND RECORDED FOR INFORMATION ONLY.

4.3 QUALITY CONFORMANCE INSPECTION

4.3.1 GENERAL: ALL MODULES IN THE INSPECTION LOT SUBMITTED TO
~-7 7 CONFORMANCE INSPECTION SHALL HAVE BEEN SCREENED IN
ACCORDANCE WITH 4.2.

4.3.2 INSPECTION PROCEDURE: QUALITY CONFORMANCE INSPECTION SHALL
CONSIST OF THE EXAMINATIONS AND TESTS OF 4.3.3 THROUGH 4.3.5.
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I..3.3 L iECTSAL:ES IiE.EEMODULES, RANDOMLY SELECTED FROM EACH
INS ECT1ON LOT SHALL BE SUBJECTED TO ALL TESTS OF TABLE -
EXCEPT AS FOLLOWS:

A. TESTS MAY BE PERFORMED IN ANY ORDER EXCEPT THAT TEST
NO. I SHALL BE PERFORMED FIRST.

B. TESTS 14, 15 AND 16 SHALL BE PERFORMED AT A HEATSINK
0 TEMPERATURE OF 320 C ONLY.

C. TESTS 17 AND 18 SHALL BE PERFORMED AT A HEATSINK
r... TEMPERATURE OF 32*C AND -40%C ONLY.

D. FOR THOSE IESTS (NO's 4, 5, 8, 9 AND 20) REQUIRING LOT
AVERAGE CALCULATIONS, SUCH CALCULATIONS SHALL BE PERFORMED
OVER THE ENTIRE !NSPECTION LOr FOR DATA AT A HEATSINK
TEMPERATURE OF 32*C (USE FINAL ELECTRICAL TEST DATA FROM
TABLE II). FOR TEMPERATURES OTHER THAN 32-C, THE
CALCULATIONS SHALL BE PERFORMED OVER THE QUALITY CONFORMANCE
INSPECTION SAMPLE ONLY.

4.3.'.1 ACCEPTANCE CRITERIA: IF ONE OR MORE MOOULES FAILS ANY TEST OF
4.3.3, AN ADDITIONAL SAMPLE OF FIFTEEN (15) MODULES (OR 10o
OF THE LOT WHICHEVER IS LESS) SHALL BE SELECTED FROM THE
INSPECTION LOT AND TESTED TO 4.3.3. IF ONE OR MORE OF THESE
MODULES FAILS ANY TEST, THE ENTIRE LOT SHALL BE TESTED AND
ACCEPTANCE SHALL BE ON A MODULE BASIS. FAILED MODULES SHALL BE
REMOVED FOR THE LOT.

4.3.4 PHYSICAL DIMENSIONS TWO MODULES RANDOMLf SELECTED FROM THE
INSPECT'ON LOT SHALL BE SUBJECTED TO THE INSPECTION OF
MIL-STD-8B3, METHOD 2016.

4.3.4.1 ACCEPTANCE CRITERIA: IF ONE OR MORE MODULES FAILS THE
INSPECTION OF 8.3.0, IT SHALL BE REMOVED FROM THE LOT AND
10,Q OF THE MODULES IN THE ;NSPECTION LOT SHALL BE INSPECTED.
REJECTS SHALL BE REMOVED FROM THE LOT.

4.3.5 jON2 STRENGTH (IF APPLICABLE): THE INSPECTION LOT SHALL BE
SUBJECT TO THE BOND STRENGTH TEST OF MIL-STO-BB3, METHOD 5005,
GROUP B, CLASS B. BONDS SHALL BE SELECTEE' FROM A MINIMUM OF
3 MODULES. THIS INSPECTION APPLIES ONLY TO BCNDS WHICH HAVE
NOT PREVIOUSLY BEEN SUBJECTED TO BOND STRENGTH TESTING.
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TA.T QUALIFICATION INSPECTION

4 .4.1 GENERAL: M ODULES SUBMITTED TO QUALIFICATION INSPECTION SHALL
TW--- SEO ALL SCREENING TESTS OF 4..2. QUALIFICATION
INSPECTION SHALL CONSIST OF THE TESTS AND INSPECTIONS OF

t) 1*.4.2 THROUGH T.U.L. NO FAILURES ARE ALLOWED.

(\1

0 "4.4.2 ELECTRICALITESTS: ALL TESTS OF TABLE = SHALL BE PERFORMED ON0E FID NUMt BER OF QUALIFICATION SAMPLES.

r- .4.2.1 SPECIA ELECTRICAL TEST: THE PROCURING ACTIVITY WILL SUBJECT
OUALIFCTON ELECTRICAL TEST SAMPLES TO COMBINED

TESTING IN THE INTENDED APPLICATION. THIS TEST, TO BE DEFINED
DURING PRE-AWARD CONFERENCE, WILL PRIMARILY CONSIDER THOSE
MODULE PARAMETERS FOR WICH LOT AVERAGE REQUIREMENTS ARE
SPECIFIED.

4.4.3 LIFE TEST- A MINIMUM OF 10 QUALIFICATION SAMPLES SHALL BE
SUBJECTED TO AN OPERATING LIFE TEST UNDER THE BURN-IN
CONDITIONS OF TABLE 11. STEP 7, EXCEPT THAT TEST DURATION
SHALL BE 1000 HOURS. AT COMPLETION OF THE LIFE TEST EACH
LIFE TEST SAMPLE SHALL BE SUBJECTED TO AND PASS ALL TESTS OF
TABLE m, EXCEPT THAT TESTS 4, 5. 6, 7, 8, 9 AND 20 NEED
NOT BE PERFORMED.

4.4.4 [NVIjNMENTAL T.ESTS A MINIMUM OF 5 QUALIFICATION SAMPLES
SHALL BE SUBJ CTE TO EACH SUBGROUP OF TABLE It.

4.4.14.1 THEF4AL SHQCKI EACH MODULE SHALL BE SUBJECTED TO 15 :YCLES
MINIMU M OF THERMAL SHOCK. EACH CYCLE (SHOCK) SHALL CONSIST
OF THE FOLLOWING STEPS IN THC ORDER GIVEN:

A. NON-OPERATING STORAGE AT -56*C UNTIL THERMALLY STABLE.

B. ELECTRICAL OPERATION UNDER THE FOLLOWING CONDITIONS UNTIL
THERMALLY STABLE:

Vcc - 28.0 10.5 VDC

FT - 1260 MHZ

P.W. - 2.0 MILLISECONDS
D.F.=- 17
PIN - P4 (SEE TABLE M)

4.5 DATA REQUIREMENTS

4.5.1 ATASTRUCRE ALL rLECTRICAL TEST DATA REQUIRED HEREIN
SHALL BE SUPPLIED IN A MACHINE READABLE FORM APPROVED BY THE
PRCCURING ACTIVITY.

GENERAL 90 ELECTRIC -PC O ow ON.

.No SVAAcu0 V 3 77AI00244

tul 50117SCALE SHT.m 13

114

AL'.



I

4.5.2 SERIALIZED TEST DATA: THE FOLLOWING SERIALIZED TEST DATA
SHALL BE SUPPLIED WITH EACH MODULE SHIPPED:

A. FINAL ELECTRICAL TEST DATA OF TABLE M, STEP B.

B. DELTA DATA OF 4.2.7.

C. JUNCTION TEMPERATURE DATA OF 4.2.5.
0

4.5.3 LOT SUMMARY DATA: EACH MODULE SHIPMENT SHALL INCLUDE, FOR
EACH INSPECTION LOT INVOLVED:

A. THE SERIAL NLMBERS OF MODULES SHIPPED FROM THAT INSPECTION
oLOT.

B. THE SERIAL NUMBERS OF MODULES, FROM THAT INSPECTION LOT,
WHICH WERE SUBJECTED TO THE QUALITY CONFORMANCE INSPECTIONS
OF 4.3.4 AND 4.3.5, AND A SUMMARY REPORT OF THE INSPECTION
RESULTS.

C. THE SERIALIZED QUALITY CONFORMANCE TEST DATA OF 4.3.3,
INCLUDING THE LOT AVERAGE DATA (AT 32*C) TAKEN OVER THE
ENTIRE LOT (SEE 4.3.3D).

4.5.4 ULIFICATION TEST REPORT WHEN QUALIFICATION TESTING IS
EQUIRED (SEE 3.6.1.3). THE SUPPLIER SHALL SUBMIT A REPORT

OF THE RESULTS OF EACH TEST PERFURMED. ALL DATA SHALL BE
SERIALIZED. NON-ELECTRICAL TEST DATA, AND SUMMARY RESULTS
OF ALL TESTS, SHALL BE IN WRITTEN FORM. ELECTRICAL TEST
DATA SHALL BE PER 4.5.1.

5. PREPARATION FOR DELIVERY THE PREPARATION FOR DELIVERY

REQUIREMENTS OF MIL-4-38510 SHALL APPLY.

6. NOTES

6.1 SOURCE OF PPFLY FOR SUGGESTED SOURCES OF SUPPLY, REFER TO
. OUTLINE AWING 03538-77C716283P2.

6.2 SERIALIZATION (REOT 3.2.3)* SERIAL NUMBER ASSIGNMENTS SHALL
BE COORDINATED WITH AND APPROVED BY THE PROCURING ACTIVITY.

6.3 HAZUARUS MATERIALS (3.2.3.1 b MOOUE S i.ONTAINING BERYLLIUM
OR BERYLLIUM OXIDE SHALL NOT BE GROUND, SAND-BLASTED, MACHINED
OR HAVE OTHER OPERATIONS PERFORMED ON THEM WHICH WILL PRODUCE
BERYLLIUM OR BERYLLIUM OXIDE DUST. FURTHERMORE, MODULES
CONTAINING BERYLLIUM OR BERYLLIUM OXIDE SHALL NOT BE PLACED
IN ACIDS THAT WILL PRODUCE FUMES CONTAINING BERYLLIUM.

I
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TABLE"
SCREENING STEPS (REQT 4.2) SEE NOTE 1

STEP INSPECTION OR TEST TEST METHODS AND REQUIREMENTS
NO.

1 JUNCTION TEMPERATURE PER 4.2.5 AND 3.3.15
0 -
2 2 INTERNAL VISUAL INSPECTION MIL-STD-883, METHOD 2017,

< CONDITION 8 AND 4.2.3

3 STABILIZATION BAKE MIL-STD-883, METHOD 1008,
CONDITION B; 125*C DURATION
- 24 HOURS, MINIMUM

4 TEMPERATURE CYCLING MIL-STO-883, METHOD 1010.
CONDITION B 10 CYCLES1 -55 TO +125*C

5 SEAL TEST MIL-STD-883, MET4OD 1014.,
CONDITIONS A2 AND C AND 4.2.4

6 PRE-BURN-IN ELECTRICAL TABLE I TESTS 2, 3 AND 19 AT
MEASUREMENTS THS 326C ONLY (SEE 4.2.2).

7 BURN-IN 160 HOURS MINIMMI, THS - 65 W5C,

FT - 1260 MHZ, PW - 2000;Ls,

D.F. - la%, PIN " P2 MINIMUM-

(SEE TABLE r)

B FINAL ELECTRICAL AND TABLE 3n TESTS 1 2 3 6, 7, 10, 11,
DELTA MEASUREMENTS 12 13 19, 21, 21 AND 23 AT

T H j l2C ONLY (SEE 4.2.2).

ALSO SEE NOTE 2/
9 EXTERNAL VISUAL INSPECTION MIL-STD-883, METHOD 2009

NOTES. 1/UNLESS OTHERWISE SPECIFIED. STEPS SHALL BE PERFORMED IN
THE ORDER SHOWN.

2/ PERFORM DELTA MEASUREMENTS PER 4.2.7.

GENERALS ELECTRIC , SCI hc~~o JOW w ,oRV
.... "° A 03538 77AI00244
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TABLE M NOTES

j/ THE TEST DATA OF TEST 2 (OR 3) SHALL BE AVERAGED OVER THE
INSPECTION LOT FOR EACH TEMPERATURE. IN EACH CASE THE AVERAGE
VALUE, P,(PK (OR T'CC, SHALL BEF WITHIN THE LIMITS SHOWN.

0o 2/ DEFINITIONS:

VCC2-VCCl )6VCC2- VCC1 AT t - 50 /us

&Po 0 1

vcc2-vccl VCC2 PVCC AT t - 50 /As

DATA FOR AX AND AP 0 SHALL BE RECORDED FOR USE IN TESTS
8 AND 9.

/ THE QUANTITY A/ (ORAP0) MEASURED IN TEST 6 (OR 7) SHALL BE

AVERAGED OVER THE INSPECTION LOT FOR EACH TEMPERATURE. IN EACH
CASE THE AVERAGE VALUE SHALL BE WITHIN THE LIMITS SHOWN.

DEFINITIONS:

P 3 1 91 P 3 PI AT t - 700Ls:1 I
SP 0 P3  PI PO - PO AT t - 700ILS

/ PHASE MEASUREMENTS SHALL BE MADE AT 50 ts AND 70Ojts INTO THE PULSE.
POWER OUTPUT MEASUREMENTS SHALL BE MADE AT 50as AND 1800 pS INTO
THE PULSE.

DEFINITIONS.& "1&- 1,700
A - IPO° - P° 0 oo

GENERAL# ELECTRIC SIZ f~mN WGN

A 1035387?A1002L$
[ISSUED 7 SCALE MlT2
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TABLE IM NOTES - CONTINUED

6/ MEASUREMENTS TO BE MADE WITH SPECTRUM ANALYIER;

PT - POWER DENSITY AT TEST FREQ (FT)

N P5 - POwER DENSITY AT SPURIOUS FREQ (F

0 PU - POWER DENSITY AT UNRELATED FREQ.

<'  P - POWER DENSITY AT HAR4ONIC FREQ.
H

A - Ps(DBM) - P (DBM); 69 MHZ-<Fs-FT 250 MHZ

U - Pu(DBM) - PT(DBM)

A H - PH (DBM) - PT(DBM)

EI , THS, t) - (F, THS, t) - (F, THS, t)

WHERE: (F, THS' t) - TARGET PHASE SHIFT FROM TABLE 1.

(F, THS, t) - MEASURED PHASE SHIFT WITH RESPECT
TO THE 320 C PHAF' SHIFT OF THE PHASE
REFERENCE MODULE.

t - TIME INTO PULE, IN MICROSECONDS.

8./ DEFINITION:

E RS (F, TS ° t) - 'EL (F, THS' t)

WHERE: N - NLMBER OF MODULES IN THE LCT

El (F, THS, t) IS DEFINED IN NOTE 7/

9/ THIS TEST SHALL BE PERFORMED BY SWEEPING THE ANGLE OF THE LOAD
IMPEDANCE TO COVER ALL ANGLES OF REFLECTION COEFFICIENT THROUGH
360 DEGREES, USING A SWEEP PERIOD DURATION OF NOT LESS
THAN 30 SECONDS.

GENERAL Q ELECTRIC X,, FSCM 14 o . NoW fEv

NMld SYRACUSE.I1Y. A 035 8 77A100244
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TABLE 37 CONTINUED

NOTES.

i. 2 MEASUREMENTS SHALL BE MADE WITH A LOAD WH4OSE VOLTAGE REFLECTION
7COEFFICIENT IS ADJUSTED TO THE FOLLUIjfNG:

~o0.13 (VSWR - 1.3-1) AT ANGLES OF 0', 900, 180', AND 270',

AND ~- 0, AT THE PLANE OF THE MODULE TEST FIXTURE OUTPUT

TBEPERFORMED DURING SCREEN TESTING (SEE 4.4.1) OF TEST SAMPLES

125



TABLE X (REOT 4.4.4)
ENVIRONMENTAL QUA.IFICATION TESTS SEE NOTE 1

SUB- NO. INSPECTION OR TEST METHOD REQT
GROUP REF.

I PHYSICAL DIMENSIONS MIL-STO-883, METHOD 2016 3.2

o 2 THERM4AL SHOCK PER 4.4.4.1 3.4.5

1 3 TEMPERATURE CYCLING MIL-STD-BbS, METHOD 1010, '3..9
CONDITION A, -55 TO
+885C; 100 CYCLES,
MI NIMUM

4 MOISTURE RESISTANCE MIL-STU-883, METHOD 1004, 3.4.6

5 SEAL TEST MIL-STD-883, METHOD 1014,
CONDITION A2 AND C

6 VISUAL INSPECTION MIL-STD-883, METHOD 2009,
7 ELECTRICAL TESTS SEE NOTE V_/

8 MECHANICAL SHOCK MIL-STD-883, METHOD 2002, 3.4.2
30G PEAK

9 VIBRATION VARIABLE MIL-STD-883, METHOD 2007, 3.4.3
FREQUENCY CONDITION A (20G)

II 10 ACCELERATION MIL-STD-883, METHOD 2001, 3.4.4
CONDITION A, S000G,
YI I1IRECTION ONLY.

11 SEAL TEST SIME AS STEP S
12 VISUAL INSPECTION MIL-STD-883o METHOD 2009

13 ELECTRICAL TESTS SEE NOTE _L/

II 14 SALT ATMOSPHERE MIL-STD-883, METHOD 1009, 3.4.7
SEE NOTE a_/ CONDITION A, 24 HOURS

j/ WITHIN ANY SUBGROUP, PERFORM TESTS IN ORDER SHOWN.

2/ FOR TEST NO. 14 (SALT ATMOSPHERE), ELECTRICALLY INOPERATIVE MODULES
TAKEN FROM THE SAME PRODUCTION RUN MAY BE USED AS TEST SAMPLES.

, EECRL -P E MENTS. PERFORM TESTS FROM TABLE
AS FOL.LOWS, NO'S 2, 3, 12, 13,719 AND 21 AT A HEATSINK TEMPERATUi E
OF 32 DEGREES C ONLY.

GEN ERAL ELECTRIC size I scm tZo owo No v

DOW ,101 ,C,.. A 03538 77A00244
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THE DIRECT BONDING OF METALS TO CERAMICS
AND APPLICATIONS IN ELECTRONICS

J.F. Burgess, C.A. Neugebauer,
G. Flanagan, and R. E. Moore

Abstract

The direct bonding of metals to ceramics is possible utilizing

a gas metal eutectic. The mechanism of direct bonding of copper

foil to ceramics in a slightly oxidizing atmosphere is presented.

It involves the formation of eutectic melt between copper and

oxygen at a temperature slightly below the melting point of copper,

which serves to bring the foil into intimate contact with the

substrate. Metals to which this technique is applicable include

Cu, Fe, Ni, Co, Ag, Cr, Mo and Al. A brief review of other metal-

ceramic bonding techniques is given for comparison.

The process for fabricating direct bonded copper structures

is given, and properties of the bond are discussed. The use of

the direct bonding process in a number of electronic applications

such as hybrid packages and power device heat sinks is indicated.

Introduction

Strong bonding of metals to ceramics generally does not

take place unless an intermediary layer is present, or forms due

to diffusion or reaction. The adhesion of the metalto this

intermediary is better than to the ceramic directly. However, an

intermediary layer is undesirable in many applications. This

is true, for instance, where high heat conductivity is required.
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The presence of an intermediary layer generally reduces heat

conductivity, especially if the layer is non-metallic. Further,

in high frequency applications, where the current flows in a

thin skin at the metal-ceramic boundary, intermediary layers are

undesirable because they are generally more resistive than the

metal to be bonded. Finally, intermediary layers are often less

corrosion resistant and lead to premature failure.

Unfortunately, strong direct metal to ceramic bonds are

not common, either because the bond is inherently weak, or bpcause

of the difficulty of bringing the metal into intimate contact

with the ceramic. In this paper, a new method of direct bonding

of metals to ceramics will be given. For a better perspective, a

short summary of the mechanisms of presently used metal-ceramic

bonding techniques is given below.

Bonding Mechanisms Involving Intermediary Layers

Some of the more pertinent literature in this area has

been reviewed by C. I. Helgesson, (1 ) and a short review was recently

given by Lopsby et. al. (2) Commonly used intermediary layers are

glass layers, where the glass in intentionally added or is

originally present in the ceramic itself, or polycrystalline semi-

conducting compounds formed by the reaction between the metal or

metal oxide and the ceramic itself.

1. Glassy Intermediary Layers

Glassy phases are usually present In the grain boundaries

of impure (<99.8%) ceramics. Thus, Al203 or BeO ceramics usually

contain glassy mixtures of MgO, SiO 2 and CaO concentrated in the

1



grain boundaries. When a metallizing mixture is applied to such

a ceramic, and the temperature is raised to sintering temperatures,

the glass from the ceramic penetrates into the (porous) metal

layer and locks it to the ceramic after cooling by mechanical

forces.

More commonly, glass is intentionally added to the

metallizing mixture to form the intermediate layer. This is

particularly true If the ceramic is pure. For example, to take

advantage of the high thermal conductivity of BeO ceramic, glass

must be kept out of the grain boundaries. Therefore, the common

metallizing mixtures, such as Mo-Mn, when used on beryllia, contain

up to 205 SiO 2. Thus the composition of a typical mixture is

71.5% Mo, 10.7% Mn, and 17.8% SiO 2, fired on BeO at 13000C. The

manganese diffuses into the glass.

Another commonly practiced method of bonding through an

intermediary glass phase involves glass frit additions to the

finely divided metal in the metallizing mixture. Thus, the

majority of the so-called "thick film" conductor pastes contain

a glass frit, generally chosen for low melting point and thermal

expansion match, in addition to dispersed metal (normally noble

metals) in an organic carrier. The glass frit melts and reacts

with the ceramic (usually A1203 ), and it also forms a network within

the metal conductor. Thus, the bond between the metal and the

ceramic is due to mechanical locking by the reacted glass. It

should be noted that the bond strength of glass frit compositions

is best on alumina; for beryllia, cracking of the glass and

spalling is generally observed.

132
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32. Polycrystalline Intermediary Layers

.Such layers are usually compounds formed between the

. metallizing mixture and the ceramic. In one method, the metal

I oxide is applied to the ceramic, and sintered with the ceramic to

form a mixed oxide compound. For instance, such a compound is

formed between copper oxide and alumina, possible CuAlO 2, when they

are sintered together at 1150 0 C in air. Subsequent reduction gives

* an adherent metal layer bonded on the mixed oxide phase. This

method is also applicable to cobalt, nickel, iron and silver.

The widely used moly-manganese process also falls into

this category. In this process, a mixture of molybdenum and

manganese oxide is fired on alumina (not beryllia) at 1400 0C in

an atmosphere of wet hydrogen. The hydrogen reduces the molybdenum

oxide to the metal, but not the manganese oxide, which reacts with

the alumina to form the intermediate layer compound MnOAl2 0 The

molybdenum, which is unable to diffuse deeply into pure A1 203, will

diffuse readily into the manganese aluminate spinel. This leads to

good adhesion of the Mo layer, When MoO 3 alone is used, some penetra-

tion of alumina by MoO 3 occurs, especially in hydrogen atmospheres at

high humidities. A compound between Mo and A1 20 3, perhaps

Al 2 (Moo04 )3,(
3 ,4 ) is formed to provide the intermediary bonding layer.

Direct Bonding

Direct bonding here implies the absence of a readily

identifiable intermediate phase between the metal and the ceramic.

It does not exclude, however, the presence of a transition layer

one or two monolayers thick, such as perhaps oxygen bridges between

the metal and ceramic.
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A method of direct bonding which does not depend on any

kind of intimate bond between metal and ceramic is that involving

mechanical locking or keying.

In this process the metal is screened on the ceramic in

the form of an organometallic paste. The paste decomposes on

heating in air, with the result that metal particles are now

locked in pores in the ceramic surface to give a mechanical bond.

Films of noble metals, such as platinum, are typically applied

in this way. However, poor adhesion is obtained in the mechanical

locking process. Clearly, in order to get good adhesion by

direct bonding it is required that

- the metal must be brought into intimate contact with

the ceramic over the entire area on an atom to atom

basis.

- the metal must form a strong bond with the ceramic,

be it by Van der Wall's or chemical bonding, without

extensive reaction or diffusion of the two phases

into each other.

To get intimate contact between metal and a ceramic

surface, the metal could be brought into the liquid state by

melting. The liquid will replicate the ceramic surface where

it wets it, and if a strong bond is formed, good adhesion is

obtained after cool-down. For instance, when copper is melted in

hydrogen on an alumina substrate, a molten droplet is formed with

a melting angle of approx. 1200, which after cool-down to room

temperature adheres strongly to the ceramic. The problem with
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simply melting the metal, of course, is that one or more droplets

are formed, and the metal member to be bonded entirely loses

its shape. This can be avoided by the gas metal eutectic method.

Direct Bonding by the Gas-Metal Eutectic Method

The basic idea here is to form a liquid skin around the

metallic member to be bonded. The liquid must wet both the

metallic member and the ceramic, and form a strong bond after

cool-down. The melting point of this liquid should be near the

melting point of the metal member itself, say within 500 C, so

that the metal member becomes soft and pliant and conforms easily

to the shape of the substrate surface. Further, the predominant

constituent of this liquid should be the same element as makes

up the metallic member, and any additional constituent should

be present in only small amounts or be easily removable after

bonding. The thickness of the molten skin must be kept small

in comparison to the thickness of the member to be bonded.

Ideal for use as the skin material are eutectics formed

by the flow gas in a bonding system with the metal member itself.

Such a eutectic exists, for instance, between copper and oxygen,

at 0.39% weight % oxygen. ( 5 ) The melting point of this eutectic

is 10650C, as compared to 10830C for pure copper. Thus, if

the oxidizing conditions in the flow gas are chosen properly, one

may have the molten copper-oxygen eutectic mixture and solid copper

(containing a small amount of dissolved oxygen) coexist together,

in the temperature interval 1065 0 <T<10830 C. It is this copper-

oxygen eutectic skin which is in effect used as a glue to bond
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the solid copper member to the ceramic, without the Cu member

losing its shape. Thus, in order to bond copper foil to

ceramic, the process is as follows:

The Cu foil is laid on top of the ceramic in a furnace

containing a flow gas atmosphere consisting primarily of an

inert gas, such as argon or nitrogen, with a small addition of

oxygen, typically of the order of a few hundredths of a percent.

Copper initially reacts during the heat-up period with the oxygen

in the flow gas. A small amount of oxygen dissolves in the

copper, but most of it reacts to form Cu20 around the foil. When

10650C or above is reached, a liquid phase of or near the eutectic

composition forms a skin around the copper. The thickness of

this molten skin depends on the 02 partial pressure and the

oxidation time. If the partial 02 pressure in the flow gas is

less than 1.5-10- 6 atm (the equilibrium partial pressure over

Cu20 at 1065 0C), Cu20 will not form and the eutectic phase also

will not form. The formation of a molten layer between the Cu

foil and the substrate serves to bring the copper in intimate

contact with the ceramic, by wetting it over the entire inter-

face. Once in intimate contact with the ceramic, copper forms

a strong bond with it. The temperature must remain below 10830,

the melting point of copper, since otherwise the foil loses its

structural integrity and liquid drops are formed. Similarly, if

the partial pressure of oxygen is too high, all copper present is

converted into eutectic melt. Thus, an intermediate 0 partial

pressure is required where both phases are present simultaneously.

On cool-down below 10650, the eutectic segregates into Cu and
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I
I Cu 20. Evidence of this is shown in Fig. 1, which I- a micrograph

through a section of bonded copper foil, and indicates the

I presence of a second phase. This oxide phase may now be reduced

l in hydrogen at low temperature, without loss of adhesion. The

bonding process is schematically illustrated in Fig. 2.

Copper has been bonded successfully by the gas-metal

eutectic methods on alumina, beryllia, silica, various other

l spinels, other metals and to itself. It does not bond, however,

to boron nitride or carbon. The bond strength to oxygen-contain-

ing ceramics can be in excess of 20,000 psi. Removal of the copper

by etching In nitric acid or ferric chloride solution leave no

copper residue. Since the copper itself does not melt during

bonding, pre-cut or stamped foils of copper of the desired shapes

I can be bonded. In addition, holes previously cut into ceramic

substrates can be covered hermetically, and the copper can over-

I hang the ceramic. Bonds between copper and other metals, and

between two copper members, can also be made by this method. A

photograph of various direct bonded copper structures prepared in

j this laboratory are shown in Fig. 3.

Properties of Direct Bonded Copper Structures

I Some properties of direct bonded copper on ceramic structures

are listed In Table I.

1
I
1
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Table I

o Electrical conductivity is at least within 5% of

pure copper, in the as-bonded condition.

o The hardness of the copper in the as-bonded

condition is much higher than after hydrogen

reduction, because of dispersion hardening due

to precipitated Cu20 from the eutectic.

o The Cu-ceramic bond strength routinely exceeds

20,000 psi.

o In spite of the expansion coefficient difference,

repeated thermal cycling from 770K to 6000K does

not cause mechanical failure.

o Brazing, soft and hard soldering, resistance and

electron beam welding are possible to the bonded

copper without causing bond failure.

o Holes in the ceramic can be sealed hermetically by

direct bonded copper.

Application of Direct Bonded Copper in Hybrid Packaging

The use of directly bonded Cu foil to ceramics for the

construction of hybrid packages offers advantages because:

1. Foils from I to 250 mils thick or more thickness can

be bonded on Al203, BeO or metals without the use of. an intermediary

layer and without losing the structural integrity of the foil.

2. Several layers of Cu foil and ceramic can be bonded in

one single firing step. This allows fabrication of conductor

crossovers and interconnections among various conductor layers;

the inclusion of a Cu backplate for heat sinking; and, external

package leads in one single step.
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3. Since the Cu-ceramic bond does not require an inter-

mediate interfacial layer, better heat sinking is possible.

4. Thick film conductor screening and firing steps can

be entirely eliminated.

5. The Cu-ceramic bond is exceptionally strong.

6. Fabrication costs are considerably below conventional

methods because of process simplicity and lower materials cost.

Figure 4 illustrates the use and versatility of the copper

foil bonding process in fabricating electronic packages, including

heat sinking, conductor crossovers and interconnections, and

top to bottom straps. Copper foil and ceramic pieces are previously

cut to the desired dimensions and are appropriately located on

the ceramic substrate before the furnace pass for one step bonding.

Alternatively, the pattern can be etched after bonding. This

latter technique is particularly suitable for fine and complex

geometries.

Figure 5 gives a sequence of steps to fabricate a hermetic

ceramic package. Pieces of copper and ceramic are cut to the

appropriate size and are bonded directly to give a lead frame,

conductor pattern, pellet bonding pad, conductor crossover, and

heat sink. The window frame for lid attachment is fired on

by means of a glass ceramic frit at 500<T<7000 C. Pellet bonding and

lid attachment complete the package.

When the direct bonded copper foil covers a hole previously

cut into the ceramic, a hermetic seal is formed. This allows for

the mounting of pins or tabs from the backside by soldering,

welding, or plating on copper. Figure 6 illustrates a sequence of
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steps to fabricate a package in this manner. After direct bonding

of a copper foil to a pre-drilled ceramic substrate, the conductor

pattern and window frame are photoetched. After nickel plating,

the pins are mounted and the pellet is attached. Lid attachment

completes the hermetic package. Figure 7 is a photograph of a

hybrid circuit fabricated by this process.

Application to Other Metal-Ceramic Systems

For the direct bonding of metal by the gas-metal eutectic

method, the following prerequisites must be fulfilled:

a) a eutectic must exist between the metal and the flow

gas,

b) the percentage of the gas component in the eutectic

must be low and/or easily removable after bonding,

c) the eutectic temperature must be at least 10 degrees

or so below the melting point of the metal to give a

realistic temperature range for bonding,

d) the metal must be pliant at the bonding temperature

so that it conforms to the substrate shape.

Inspection of phase diagrams of metals with the more common

gases reveals a number of possibilities. In particular, oxygen,

sulfur, and phosphorous form eutectics with several metals. These

are listed in Table II, in addition to the eutectic temperature,

the melting point of the metal, and the percentage of the gas

component in the eutectic.
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Table II: Metal-Gas Eutectics for Direct Bonding

Eutectic Eutectic Temp. Weight % Melting Point

0C non-metal of metal

Copper-oxygen 1065 0.39 1083

Iron-oxygen 1523 0.16 1535

Nickel-oxygen 1438 0.24 1452

Cobalt-oxygen 1451 0.23 1480

Copper-sulfur 1067 0.77 1083

Silver-sulfur 906 1.8 960

Chromium-sulfur 1550 2.2 1615

Silver-phosphorous 878 1.0 960

Nickel-phosphorous 714 11.0 1452

Copper-phosphorous 714 8.4 1083

Molybdenum-silicon 2070 5.5 2625

Aluminum-silicon 577 11.7 660

The flow gas would contain small amounts of oxygen, hydrogen

disulfide, phosphine, or silane, as appropriate, However, in some

cases a constituent of the flow gas such as silicon may not be

easily removable, and the bond in such a case could not, strictly

speaking, be called "direct".
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Fig. 1 Micrograph of section through direct copper bond to alumina, show-
ing the precipitated CU20 from the eutectic.
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Fig. 2 Eutectic phase diagram and schematic of bonding process.
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PREFORM AND KOVAR WINDOW FRAME
50O< Tt 700*C GOLD PLATE

WINDOW FRM CKG BASE
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ATTCHEENT Fig. 6 Process steps to fabricate

electronic package by direct
----------- copper bonding process.
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REV. A

QUALIFICATION PROCEDURE - RF POWER AMP 77D609955

1. PURPOSE

Provide procedures for qualification tests and inspections for RF Power Amplifier
hybrid microcircuit 77D609955.

2. REFERENCES

A. 77A100244 Specification, RF Power Amplifier
B. 77C716283 Specification Control
C. MIL-STD-883 Test Methods for Microelectronics
D. HIC-81-008 Shock/Vibration Test Fixture

3. QUALITY INFORMATION EQUIPMENT

Specified in body of procedure or referenced Mil Spec.

i 4. GOVERNMENT INSPECTION

If government witness of tests is required, notify local DCAS QA representative

- 24 hours before test is performed.

5. TEST INFORMATION

Conduct environmental tests/inspections in accordance with Table I. Perform life
test per paragraph 6.M.
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QUALITY CONTROL TEST PROCEDURE Rev .A .

TABLE 1

ENVIRONMENTAL QUALIFICATION REQUIREMENTS I/

SUB TEST
GROUP NO. TEST/INSPECTION OTY METHOD/REQUIREMENT

N/A N/A Preconditioning All All modules submitted for qualification
testing shall have passed screen tests
per 77A100244 para. 4.2 (ref. 77A100244
para. 4.4.1).

1 Physical Dimensions 5 MIL-STD-883, Method 2016.

2 Thermal Shock Cycle: soak @ -560C non-operating,
operate until thermally stable. Repeat
for 15 cycles total. Ref. 77A100244
para. 4.4.4.1.

3 Temperature Cycling MIL-STD-883, Method 1010, -55 to 85 C.
100 cycles.

4 Moisture Resistance MIL-STD-883, Method 1004, 10 days.

5 Seal Test MIL-STD-883, Method 1014, Condition A2 & C.

y
0 6 Visual Inspection MIL-STD-883, Method 2009.

7 Electrical Tests 77AI00244 Table III as follows: tests 2, 3
- 12, 13, 19, 21 at heatsink temperature

32 C only.

2 8 Mechanical Shock 5 MIL-STD-883, Method 2002, 30G peak.

9 Vibration, variable MIL-STD-883, Method 2007, 20G.
frequency

10 Constant Acceleratior MIL-STD-883, Method 2001, 5KG,

Yl direction only.

11 Seal Test Same as No. 5.

12 Visual Inspection Same as No. 6.

13 Electrical Tests Same as No. 7.

3 14 Salt Atmosphere 5 NIL-STD-883, Method 1009. 24 hours.

jJ Within any subgroup, perform tests in order shown.

_ Test 14 (salt atmosphere) may use electrically non-operating modules from
same production run.
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QUALITY CONTROL TEST PROCEDURE C ...- .o 4
Rev. A

I6. TEST PROCEDURE

A. PHYSICAL DIMENSIONS

1. Equipment

a. Calipers or equivalent - calibrated.
b. Shadowgraph or equivalent - calibrated.

2. Procedure

a. Measure/record dimension per MIL-STD-883, Method 2016 using
Statement Drawing.

b. Record results on Qualification Product Traveller.

B. THERMAL SHOCK

I. Equipment

a. Automatic Module Test Station with thermo-electric heating/cooling
(Ppltier) fixture - calibrated - HIC module test area.

2. Procedure

I a. Install test module in Module Test Station.
b. With test unit noB-operatinq, adjust coolinq system to cool

module to -56 + 3 C until thermally stable.
S

c. Operate test nodule under following test conditions until
thermally stable.

Vcc = 28.0+O.5VDC

FT = 1261.3 MHZ

P.W. = 2.0 millisecondsD.F. = 18%.

PIN = 38.3 + 0.1 dbm

d. Record stabilized temperature (change in A t < 0.2 C) and time to
stabilize on test data sheets by module serial number.

e. Repeat steps 6.B.2.b, 6 .B.2.c, and 6.B.2.d 14 times for a total
of 15 cycles.

f. Remove module from station fixture.
g. Repeat steps 6.B.2.a thru 6.B.2.f for remainder of modules in

test subgroup.

1
1
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QUALITY CONTROL TEST PROCEDURE Co.... 6 ... • 5
Rev. 1)

6. TEST PROCEDURE (Cont'd)

C. TEMPERATURE CYCLING

1. Equipment

a. Automatic Temperature Cycling Chamber - calibrated - HIC Engineering Lab.

2. Procedure

a. Set test modules on a sheet of insulating material in a low walled
cookie tray.

b. Set cookie tray In transfer chamber of temperature cycling machine.
c. Operate machine at -55 and 85 C for 100 cycles.
d. Complete Qualification Product Traveller at end of test.

0. MOISTURE RESISTANCE

I. Equipment

a. Automatic Humidity Chamber - Standards Engineering Lab, CSP4.

2. Procedure

a. Perform test in accordance with MIL-STD-883, Method 1004.
b. Complete Qualification Product Traveller at end of test.

E. SEAL TEST

1. Procedure

, a. Fine Leak

1. Perform per QCIP 88.53.84.01.It P - 30 psfg, Vol. = 11.2CC.
Maximum leak rate < 1.8 x 10 units.

2. Record measured leik rate on Qualification Product Traveller
£ for each module.

3. Complete Qualification Product Traveller after all modules
are tested.

b. Gross Leak

1. Perform per 88.54.23.01.
2. Complete Qualification Product Traveller after all modules

are tested.
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QUALITY CONTROL TEST PROCEDURE REV .A

J 6. TEST PROCEDURE (Cont'd)

F. VISUAL INSPECTION

11. Procedure

a. Inspect for general damage and applicable paragraphs from
QCTP's 82.47.10.42 and 82.47.10.59.

b. Record inspection results on Qualification Product Traveller,
or 7055 Inspection Record form. Attach 7055 form to
Product Traveller.

c. Complete Qualification Product Traveller after all modules are
inspected.

G. ELECTRICAL TESTS

1. Equipment

a. Same as 6.B.l.a.
b. Procedure

1. Perform tests from 77A100244 Table III as follows: vests 2.3,12,13.19

and 21 to be performed at heatsink temperature of 32 C only.

c. Record test results on Qualification Product Traveller.

H. MECHANICAL SHOCK

1. Equipment

a. Drop Shock Equipment - Standards Engineering Lab.
b. Test fixture, HIC-81-008.

_ c. Universal test block - Standards Engineering Lab.

2. Procedure

a. Select the proper arresting pad to meet "G" level requirement of
test and mount pad on drop shock machine.

b. Mount test unit in test fixture.

c. Mount test fixture in universal test block.
d. Mount test block on drop shock test table in first test direction.
e. From equipment manual determine test table height above arresting

pad to meet "G" level.
f. Raise test table to required height and set release mechanism to hold.
g. Position hand near arresting pad to catch table after it has

rebonded up from arresting pad (if necessary).
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QUALITY CONTROL TEST PROCEDURE C.,. .. , .. 7

Rev. (-)

6. TEST PROCEDURE (Cont'd)

H. MECHANICAL SHOCK (Cont'd)

2. Procedure (Cont'd)

h. Release table latch and allow table to free fall onto arresting pad.
1. Catch table during rebound to prevent secondary impact with pad (if need(
J. Repeat steps 6.H.2.f thru 6.H.2.i for the required number of

shocks for subject test direction.
k. Reorient universal test block mounting for next required orientation

and repeat 6.H.2.f thru 6.H.2.k until all required directions
have been tested.

1. Remove test unit from fixture. Repeat steps 6.H.2.b, 6.H.2.c,
6.H.2.d, 6.H.2.f thru 6.H.2.k for all remaining test units
in test subgroup.

m. Complete Qualification Product Traveller.

J. VIBRATION, VARIABLE FREQUENCY

1. Equipment

a. Vibration Machine - Standards Engineering Lab.
b. Test fixture, HIC-81-008.
c. Universal test block - Standards Engineering Lab.

2. ProcedureS

a. Mount test unit in test fixture.
b. Mount test fixture in universal test block.
c. Mount test block on vibration table in first test plane.*
d. Perform test per referenced Mil Spec.
e. Change test block to second test plane.
f. Perform test per referenced Mil Spec.
g. Change test block to third test plane.
h. Perform test per referenced Mil Spec.
i. Repeat all steps in this procedure as necessary for each

module in test subgroup.
J. Complete Qualification Product Traveller.

NOTE: It may be necessary to isolate universal test block from
direct contact with vibration tableto prevent mounting
resonances. One method is use of tape between table and
block.
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3 6. TEST PROCEDURE (Cont'd)

K. CONSTANT ACCELERATION

1. Equipment

a. Per QCIP 85.99.90.27.
b. Balance scale - uncalibrated.

2. Procedure

a. Record special typed information from label for each test unit
in sublot.

b. Order replacement labels with same information from Bud Hoffman.
c. Pencil serial number on bottom (f heatsink.
d. Remove plastic covers from test units per MPI 1000.1.753.
e. Inspect top of metal covers on test units for solder projections

and foreign material. See Process Engineer for removal.
f. Weigh each module and record weight to nearest 0.1 gram

Record by serial number.
g. Match modules by weight. Modules which match within 1 gram

are acceptable for centrifuge testing as a set.I h. Modules which cannot be matched within 1 gram should be matched
to another module by weighing small metal pieces to equal

x the delta weight. Record set S/N's and identify metal mass.
Make enough combinations that all test modules can beI centrifuged (2 modules per test).

i. Set up centrifuge test per QCTP 85.99.90.27.
j. Cover two opposing flats of insert with thin double sided tape

butle3ve the paper covering on the outside tape surface.
Tape will serve as bearing surface for test module.

k. Center one test module from matched set against one of taped flats
such that cover is against tape (Yl direction) and length of
module is horizontal. Tape test module to flat to prevent
it from falling toward center of rotor bowl. Repeat this step
for second test module in matched set for opposite flat.
NOTE: Modules must be centered on flat so that substrate

overhang beyond cover or electrical contacts do not
touch adjacent flats. Tape weighed metal to proper
flat as required.

1. Perform centrifuge test per QCTP 85.99.90.27.
m. Repeat steps 6.K.2.k and 6.K.2.1 for each remaining set of

test modules. Remove any metal mass from prior test as required.
Add new metal mass as required.

n. Replace plastic covers per MPI 1000.1.104B (cleaning) and
MPI 1000.1.402. Maintain identity by serial number.

p. Attach replacement labels (see 6.K.2.b). Add BeO warning
label as necessary.

q. Complete Qualification Product Traveller.

1
I
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6. TEST PROCEDURE (Cont'd)

L. SALT ATMOSPHERE

1. Equipment

a. Salt Test Chamber - Standards Engineering Lab.

2. Procedure

a. Perform per Mil Spec requirements using electrically
non-operating modules from same production run.

b. Complete Qualification Product Traveller.

M. LIFE TEST

1. Equipment

z a. SSR Burn-In test rack - HIC

2. Procedure

a. Perform 1000 hour life test on 10 modules minimum using burn-in
conditions specified in 77A100244 Table II, Step 7.

b. Following Life Test each test unit shall pass tests in 77A100244
Table III except tests 4, 5, 6, 7, 8, 9 and 20 not required.
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QUALITY CONTROL TEST PROCEDURE

QUALIFICATION PRODUCT TRAVELLER

CIRCUIT DRAWING

SYSTEM

SUB

OP. # GROUP TASK IN OUT DATE SIGN COMMENTS

10 1 Physical Dimensions

20 1 Thermal Shock Record test data on
attached date sheet.

30 1 Inspection (optional) Mechanical damage.

40 1 Temperature Cycling

50 1 Inspection (optional) Mechanical damage.

60 1 Moisture Resistance

70 1 Inspection (optional) Mechanical damage.

80 1 Seal Test (Fine Leak) Record leak rat5 .
Max = 1.8 x 10
atm - cc/sec.

Module #1 S/N
Module #2 S/N
Module #3 S/N
Module #4 $/NModule #5 S/N
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QUALITY CONTROL TEST PROCEDURE

QUALIFICATION PRODUCT TRAVELLER

CIRCUIT DRAWING

SYSTEM_

SUB

OP. # GROUP TASK N IN OUT DATE SIGN COMMENTS

90 1 Seal Test (Gross Leak)

100 1 Inspection

Module #1
Mdule #2

MO

Module #4
Module #5

110 MdElectrical Test Attach test data.

Module #5

Module #4-
Module #5

; 120 2 Mechanical Shock

.Module #6 S/N
Module #7 S/N
Module #10 SN

130 2 Inspection (optional) Mechanical damage.

158

.... .. . ..... .... ... .. ...... ,,,.. . -. ' .. ' -t - "-"- ... -, ,-,...'



I
I

VOL.. CONT. REF SEQGEN ERA L , E [LECTI C 85 ( 47 ' 10 ' 1 013 12

QUALITY CONTROL TEST PROCEDURE C..V.. ......
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QUALIFICATION PRODUCT TRAVELLER

3 CIRCUIT DRAWING

SYSTEM

SUB
OP. # GROUP TASK IN OUT DATE SIGN COMMENTS

140 2 Vibration, variable freq.

I Module #6
Module #7
Module #8

Module#9 -

Module #10Iz

3 150 2 Inspection (optional) Mechanical damage.

160 2 Constant Acceleration

Module #6

Module #7
Modul~e #8

Module #9
Module #10

k 170 2 Inspection (optional) Mechanical damage.

180 2 Seal test (Fine Leak) Record leak rat

I Max = 1.8 x 10 5

M atm- cc/sec.

Module 06

Module #8 1 __________

Module #9 1
Module #10

I
i 159
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QUALITY CONTROL TEST PROCEDURE R . 1
QUALIFICATION PRODUCT TRAVELLER

CIRCUIT DRAWING

SYSTEM

SUB
OP. # GROUP TASK IN OUT DATE SIGN COMMENTS

190 2 Seal Test (Gross Leak)

200 2 Inspection

Module #6
Module #7
Module #8
Module #9 - -

.0M9dule #10

210 2 Electrical Test Attach data sheets.
Module~t ___________

u Module #7 ____________

Module #8

Module HO

220 3 Salt Atmosphere

Module #I
Module #12
Module #13

Module #15
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QUALITY CONTROL TEST PROCEDURE C.0.15 -- 14

THERMAL SHOCK TEST DATA SHEET

SN SN SN I SN
CYCLE # FUNCTION TIME TEMP TIME TEMP TIME TEMP TIME TEMP TIME TEMP

I Start
-56 ± 3-C

Time/Ternp

Stability P
&_Time/Temp

2 Start
56± 3C --

A Time/Temp
Stability (Power) -. ...

Time/Temp

Start
-56± 3 C
6 Time/Temp
Sabii (Power)
Time/Temp - -

6 
Start-56 ± 30C

ablby 'Powerj
ATime/Temp

5 Start

im-- --------------------C

A Time/Temp---------------- - -- -

tablity (Power-
*Time/Temp

6 Start
-56± 3 3CI
& Time/Temp
Stability (Power)
jnTime/Temp

7 Start
-56 + - C
4hTilme/Temp
Stability (Power)I
A Time!Temo ....

8 Start .-
-56 ±31C

Stability (Power)
STi me/Temp
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9 Start
-56 t 3'C
A Time/Te--
Stability (Power)
& ,Time/Temp

10 Start-56i+3'1:

A Time/Temp -Stabil itv (Power
Time/Tamp

11 Star-
- -56 C 3CTTime/Tamp'

Stabii t (Power)"." A Time/Temp.

12 Start-56 :L. 3-CI
&Time/Tamp

StabilityA.ower
Timeemp

13 
"63rt-56 :L 3VC

i T ime/Te0D

stability (Power -

____ ~ Time/Temp

14 Start
56 + 3"C
'ia me/Temp

ower - - --.t-ab 1b t gPower)

_Time/Temp

S tart I

-56 + 3'C
A Time/Taemp

bI 1 t Power) ...

_ TieT- - 1 -
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APPENDIX E

GROUND PLANE BLANK #7248571
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3 GROUND PLANE AND FEEDTHROUGH SUB-ASSEMBLY
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APPENDIX G

CERAMIC WALL FRAME BLANK
#7248543
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APPENDIX H

WALL FRAME DB Cu SUB-ASSEMBLY
#7248542
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APPENDIX I

COPPER SPHERE FEEDTHROUGH
#72446 12
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APPENDIX J

*ULTRASONIC FLAW DETECTION EXPERIMENTS

(12 Pages)
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ULTRASONIC FLAW DETECTION EXPERIMENTS

Prepared by

S. Tehon
Electronics Laboratory

General Electric Company
Syracuse, New York

Prepared for

R. Mann
Hybrid Integrated Circuits

Military Electronic Systems Operations
Syracuse, New York
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Introduction and Summary

This describes a brief set of experiments to investigate the feasibility of
locating flaws in hybrid integrated circuit assemblies, particularly regions
with voids such as due to poor bonding in regions between component layers of
the assemblies. The unit tested, sketched in Figure 1, consists of a thin
substrate, on which are formed circuit elements appearing as pad regions with
approximately .013" thick solder surfaces, and supporting a ceramic rail . 163"
high. The Joint between the substrate and the rail is of special importance.

CORNER VIEW

PAD M FILET

RAIL

0. 013" 0.163"
PAD\ FILET RAEL

SUBSTRATE
0.24" THICK

Figure 1. Circuit Assembly Dimensions

The experiments were carried out with a commercial focused ultrasonic
transducer tuned to operate at a center frequency of 5 MHz. It was driven by
a Panametrics impulse generator, and returning ultrasonic echoes were
handled by the matching Panametrics pulse echo receiver. The receiver con-
tains protective diodes at its input, and has a short recovery time, so it is
capable of generating a display signal with short minimum range. The elements
examined, and the transducer, were mounted in a water bath, at a spacing
such that the focal point of the ultrasonic beam fell approximately within the
sample being examined. Figure 2 Illustrates the equipment.

It is desirable to examine samples both with pulse echo reflections and
with transmitted signal intensity. An ultrasonic travelling wave has stress
and particle velocity forning the wave front. In a continuous medium, the
ration of stress to velocity is the acoustic impedance of the medium, which
varies considerably from material to material. At one extreme, the impedance
of vacuum is zero- -stress waves require a material for propagation- -and the
value of impedance increases in going from vacuum, to air, to liquids, to
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SIGNAL
ULTRASONIC
TRANSMITTER- SYNC OSCILLOSCOPE
RECEIVER

STRANSDUCER

- 2H20LASTIC
- - \ l' - PAN

SAMPLE

Figure 2. Test Equipment Schematic

plastics, and finally to elastic solids. Upon encountering a sudden change in
medium, the wave partly reflects and partly is transmitted, with a reflection
coefficient that is greatest for the greatest ratio of impedance discontinuity.
Table I lists a few representative impedances for common media.

In the pulse echo tests, the object used for a target was placed in the
water bath, and the water was used as an ultrasonic coupling medium between
transducer and target. Since the transducer has a well-focused radiation
pattern, returning echoes due to acoustic discontinuities arise almost entirely
at the focal point. The data taken indicate the resolution of that effective focal
point, in area and in range. Surfaces and wire cross sections in different
impedance values and sizes illustrate resolution better than .005" in range,
with variations in reflection coefficient clear from the corresponding strengths
of reflections.

No transmission tests were run, because of the difficulty of placing a
receiving transducer on the opposite side of the target from the transmitter,
without adequate waterproofing procedures for the transducer cables. No
detailed mapping was carried out, since no mechanical carriage was available
in form suitable for moving the target or transducers accurately. However,
the general techniques are those of the acoustic microscope, limited in reso-
lution by the size of one acoustic wavelength. Velocity in water of ultrasound
is 1500 meters per second, so the wavelength of 5 MHz sound in these experi-
ments was 0.3 millimeters (.012") in water, about 3 times greater than the
smallest wire diameter resolved in test. In solids, velocity of propagation for
ultrasound is about 3 times higher than in water, so the limit of range resolu-
tion will be about 3 times poorer than in water

Although these tests were run with 5 MHz sound, that is not the highest
frequency that can be used. Given suitable transducers, propagation can be
supported in water and most solids,to frequencies an order of magnitude higher.
Allowing for the higher velocity in solids, it still appears feasible to detect
voids as small as .001".
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TABLE I. CHARACTERISTIC IMPEDANCES

METRIC UNIT =Newtons/m
2

m/s

Medium Z - in 106 units
0

Steam .000242

Air - 20 0C .000415

Soft rubber 1.00

Water 1.48

Polyethylene 1.75

Lucite 3.2

Glass-Pyrex 12.9

Aluminum 17.0

Lead 23.2

Silver 39.0

Copper 44.5

Steel 47.0

Nickel 51.5

Gold 62.5

Platinum 69.7

Tungsten 103

z -z
Stress Reflection Coefficient Z Z 0

0

Stress Transmission Coefficient = 2Z
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Discussion of the Data

Figure 3 illustrates the pulse shape generated by the transducer when
excited by an electrical impulse. This is basically a pulsed packet of 6 half-
cycle oscillations of 5 MHz rate. The first echo, appearing here at 5 centi-
meters along the horizontal sweep, is the reflection generated when the trans-
mitted pulse reaches the bottom of the water, at the interface with the plastic
dishpan used as a water tank. Since the acoustic impedance of plastic is not
greatly different from that of water, this reflection is not as large as that
appearing at 6.4 centimeters, which is generated by the pulse that was trans-
mitted into the plastic and almost totally reflects at the air interface at the
bottom surface of the plastic. One more reverberation appears at the 8 centi-
meter mark.

Figure 4 shows a chain of echoes reverberating within a copper plate. The
first reflection, at 2.6 centimeters, is strong, due to the large difference in
acoustic impedance of water and copper. The remaining uniformly decaying
chain of pulses represent the energy remaining within the copper except for
small transmission at each arrival at the water-copper interface.

Figures 5 and 6 illustrate similar patterns for aluminum and silicon plates,
for which the reverberations tend to overlap and lose identity.

In the remaining data, the copper plate was kept in the bottom of the pan,
acting as a flat surface for holding other specimens. Figures 7 and 8 show,
in expanded detail, the pulse echo waveforms, without and with the use of inter-
nal damping in the receiving circuits. The damping was retained for further
tests, since the pulse is shorter as a result

Figures 9 and 10 illustrate the reflections from a 7.5-mil brass shim
plate, and a small projection on its surface. The echo is advanced about 0.6
microseconds by reflectizg from the surface of the projection, .0135" nearer the
transducer.

Figures 11 aad 12 show echoes from wires, laid on the base copper plate
lightly, showing both the wires and the plate positions. The .005" diameter
wire is clearly displayed.

Figure 13 shows greatly expanded echoes from the thin substrate of the
circuit board, and the underlying copper plate. This board, shown in Figure
1, consists of solder pads approximately .013" thick, lying on the .029" thick
substrate, and contains also a ceramic rail, . 163" high, bonded to the sub-
strate. Ecnaes from the substrate and the bottom plate are approximately
0.96 microseconds apart.

Figure 14, at a slower sweep rate, shows the strong echo generated by the
top of the ceramic rail, and the smaller echoes from top and bottom of the
substrate. Since the ultrasonic focal point was almost exactly on the top of
the rail, very little energy passed through the water around the rail, so there
is no large distinct echo from the substrate.
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Figure 15, the most complex pattern generated, was obtained by moving
the board so that the focused region fell in part on the rail, on the solder pad,
on the substrate, and on the copper bottom plate. These are readily identified
by comparison with Figure 1.

Recommendations

Further work with samples such as this is suggested, using more elaborate
mounting procedures for two transducers, and including a tracking device
which is electrically driven with a signal that can simultaneously position an
electron beam in an image display tube. The use of higher frequencies and
also incorporation of a time gate, for limiting the imaging to a selected range
window, is also suggested, along with an automatic alarm circuit that can mark
the positions for which pulse echoes are returned within the selected range
windows.
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Figure 3. Echoes from Bottom of Plastic Pan. Sweep Rate is 1 jis/cm,
Delayed to Display Details.

Figure 4. Echoes From .128" Thick Copper Plate, Laid on the Bottom of the
Plastic Pan. Sweep Rate 1 Ms/cm.
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Figure 5. Echo From Aluminum Plate .0625" Thick. Sweep 1 /Is,/cm.

Figure 6. Echo From Silicon Crystal Wafer .0596" Thick. Sweep 1 Ms/cm.
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Figure 7. Expanded View of Echo From Cu Plate, at 0.2 gs/cm.

Figure 8. Same as Data in Figure 7, Except That the Parametrics Receiver
damping has Been Introduced at Level "6". Gain is Increased by
10 dB to Offset the Damping Loss.



Figure 9. Brass Shim .0075" Thick. 1 pis cm.

Figure 10. Echo From .0135" Dimpled Projection on Brass Shim. I Ms/cm.
Delay has not been Altered from Test of Figure 9.
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Figure 11. Echoes From .025" Dia. Wire (2.8 cm) and Supporting Cu Plate
(4.8 cm). Sweep 1 4s/cm.

Figure 12. Echoes From .005" Dia. Wire (3.6 cm) and Supporting Cu Plate
(4.8 cm). Sweep 1 As, cm.
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Figure 13. Echoes From Circuit Board Sample (Figure 1), Showing Thin
Substrate (2.5 cm) Lying onCu Plate (7.5 cm). Sweep Rate 0.2I Ms/cm.

I

Figure 14. Echoes From Ceramic Rail of Circuit Board, (2.2 cm), Lying on

ICu Plate (7.6 cm). Sweep Rate 1 Ms,,/cm.
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Figure 15. "Corner View" Echoes From Circuit Assembly Board, Show:
a) Rail (2.6 cm)
b) Solder pad (7.2 cm)
c) Wiring board (8 cm)
d) Tank bottom (9. 4 cm)
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DESCRIPTION OF "ANSYS" FINITE ELEMENT STRESS
ANALYSIS PROGRAM

(2 Pages)
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ANSYS PROGRAM DESCRIPTION

The ANSYS computer program is a large scale general purpose computer
program for the solution of several classes of engineering analysis problems.
Analysis capabilities include static and dynamic; plastic, creep and swelling;
small and large deflections; steady state and transient heat transfer and steady
state fluid flow.

The matrix displacement method of analysis based upon finite element
idealization is employed throughout the program. The library of finite elements
available numbers more than forty for static and dynamic analyses, and ten
for heat transfer analyses. This variety of elements gives the ANSYS program
the capability of analyzing frame structures (two dimensional frames, grids and
three dimensional frames), piping systems, two dimensional plane and axisym-
metric solids, flat plates, three dimensional solids, axisymmetric and three
dimensional shells and non-linear problems including interfaces and cables.

Loading on the structure may be forces, displacements, pressures,
temperatures or response spectra. Loadings may be arbitrary time functions
for linear and non-linear dynamic analyses. Loadings for heat transfer
analyses include internal heat generation, convection and radiation boundaries,
and specified temperatures or heat flows.

The ANSYS program uses the wave front (or "frontal*) direct solution
method for the system of simultaneous linear equations developed by the matrix
displacement method, and gives results of high accuracy in a minimum of
computer time. The program has the capability of solving large structures.
There is no limit on the number of elements used in a problem. The number of
nodes can be in excess of 2500 for three dimensional problems, and 5000 for
two dimensional problems. There is no "band width* limitation in the problem
definition; however, there is a wave front" restriction. The "wave front,
restriction depends on the amount of core storage available for a given problem.
Up to 576 degrees of freedom on the wave front can be handled in a large core.
The wave front limitation tends to be restrictive only for analysis of arbitrary
three dimensional solids or in the use of ANSYS on a small computer.

ANSYS has the capability of generating substructures (or super-elements).
These substructures may be stored in a library file for use in other analyses.
Substructuring portions of a model can result in considerable computer time
savings for non-linear analyses.

Geometry plotting is available for all elements in the ANSYS library,
including isometric, perspective and section views of three dimensional struc-
tures. Plotting subroutines are also available for the plotting of stresses and
displacements from two and three dimensional solid or shell analyses, mode

shapes from dynamic analyses, distorted geometries from static analyses,
transient forces and displacements vs. time curves from transient dynamic
analyses, and stress-strain plots from plastic and creep analyses.
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Post processing routines are available for algebraic modification, dif-
ferentiation, and integration of calculated results. Root mean square opera-
tions may be performed on seismic model results. Response spectra may be
generated from dynamic analysis results. Results from various loading modes
may be combined from harmonically loaded axisymmetric structures.

The input data for the ANSYS program has been designed to make it as
easy as possible to define the problem to the computer. Options for multiple
coordinate systems in cartesian, cylindrical, or spherical coordinates are
available, as well as multiple region generation capabilities to minimize the
inputs data for repeating regions.

Sophisticated geometry generation capabilities are included for two
dimensional plane and axisymmetric structures and for intersecting three
dimensional shell structures.

The ANSYS program capabilities are continually being enhanced by the
addition of new or improved elements, new analysis capabilities and new input,
output and graphic techniques. The ANSYS USER'S MANUAL is modified
periodically to reflect the latest additions.
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QUALIFICATION TEST REPORT

5 1. PURPOSE

To report results of tests/inspections performed to meet qualification

inspection requirements established in General Electric R.F. Power Amplifier

j Specification 77A100244 (REF. APPEND. "B") para. 4.4.

j2. SCOPE

Tests were performed on "proof of process" R.F. power modules per Manu-

facturing Methods and Technology Program, Contract N00039-79-C-0378 for

J NAVELEX, Code ELEX 2702.

13. TEST PROCEDURE

Modules were tested to Quality Control Test Procedure 85.47.10.10. (REF.

APPEND. "D"), Qualification Procedure, R.F. Power Amplifier 77D609955. This

procedure was specifically developed to meet requirements in R.F. Amplifier

Specification Appendix "B".

4. TESTS/INSPECTIONS

Tests/inspections were performed as shown in following list:

- SUB GROUP TEST TEST QTY.

1 Physical Dimensions 5

Thermal Shock

Ii Temperature Cycling

I.
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SUB GROUP TEST TEST QTY

I Moisture Resistance 5(CONT)
Seal Test (Hermeticity)

Visual Inspection

Electrical Tests

2 Mechanical Shock 5

Vibration, Variable Frequency

Acceleration

Seal Test

Visual Inspection

Electrical Tests

3 Salt Atmosohere 5

- Life Test 10

5. GOVERNMENT WITNESS

Local DCMASMA quality inspection personnel were notified prior to initia-

tion of each test. A mutually agreeable schedule was established to allow

DCAS witness of each planned test/inspection.

6. MODULE ASSIGNMENT

A matrix depicting module serial number assignments for each test group

is provided in the following listing. Module operational status is also

included.

l q4

.1



I I
TEST STATUS

SER. SUBGROUP 1 SUBGROUP 2 SUBGROUP 3 TEST RESULTS
NO. (THERM.) (MECH (SALT) LIFE PASSED FAILED ELEC. FAILED ECH.

127 X X
163 Xx-1/

197 X X

20 2 _XX x__ _ _

X4//

207 X X _-

211 X X X-
/

22X X X-
/  X-=

217 X X X1
/

227 XX

228 xX X
/

235 X x! /

250 X X

251 X X-1

255 X X__/

256 X X

257 X X X_
/  5

/

264 _ X X__
/

271 X X X X
/

272 X X XK X_
/

274 X TEST Nc REQUIRED XI
/

3111
/

1/ Failed Life Test Final Electrical - Pulse Breakup @ -40C

2/ Failed during Life Test - Cracked ceramic capacitors

3/ Failed functional test prior to Subgroup 2 Final Electrical - Cracked substrate

4/ Failed module fixture demounting - Subgroup 2 - Cracked seal glass

5/ Cracked seal glass - plastic cover removal performed incorrectly

6/ Spare unit - Not required for test

1I
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TEST RESULTS

A. SUBGROUP 1 - Module Serial Numbers 127, 197, 207, 227, 256

A.1 Physical Dimensions

Method: MIL-STD-883, Method 2016

Results: All modules passed.

A.2 Thermal Shock

Method: Cold soak non-operating module until thermally stable at -56*C

or lower. Operate module until thermal stability achieved. Externally

heat module to -20*C or higher. Repeat soak/operate/heat cycle for a

total of 15 cycles.

Result: All modules passed. Tests performed on computer controlled

automatic module test station. Heating/cooling controlled by thermo-

electric temperature controller. Hard copy computer test data on file.

Typical test parameters as follows:

Parameter Approximate Value

Delta time (a -20-C to -56*C) 12 minutes

Delta time (S -560C to stable temp.-operating) 2 minutes

Stable temp. (operating) -500C

Delta time (-50*C to a -200C) 1 minute

Total test time per module 3 hours

196



I
I
5 A.3 Temperature Cycling

Method: MIL-STD-883, Method 1010, -55*C and +85*C, 100 cycles

5 Results: All modules passed. Test interrupted after 33rd cycle due

to mechanical malfunction of cold chamber of automatic temperature

cycling machine. Test resumed at point of interruption following

j chamber repair.

A.4 Moisture Resistance

Method: MIL-STD-883, Method 1004, 10 days

Results: All modules passed. Test included subcycle test of Step 7

3 (3 hours @ -10*C for any 5 of the 10 test days). A separate cold chamber

was used for the subcycle test.

!
A.5 Seal Test

l A.5.1. Fine Leak

I Method: MIL-STD-883, Method 1014, Condition A2

Results: All modules passed. Modules were pressurized with

l helium gas @ 30 PSIG for one hour. Measured leak rate limit

was S 1.8 x 10 atmosphere cubic centimeters per second (Helium).I
A.5.2. Gross Leak

Method: MIL-STD-883, Method 1014, Condition C

I Results: All modules passed.

I
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A.6 Visual Inspection

Method: MIL-STD-883, Method 2009

Results: Serial numbers 207, 227, and 256 passed. Serial number 127

had corrosion at one spot on edge of kovar cover. Serial number 197

had three points of corrosion. Condition was caused by tiny area at

edge of kovar cover exposed to high humidity during moisture resistance

test. Condition is cosmetic and does not affect hermetic seal of

module.

A.7 Final Electrical Test

Method: Test performed on computer controlled automatic module test

station using special test program developed to perform environmental

subgroup final electrical tests specified in Table 1 - test 7 of

85.47.10.10 (Qualification Procedure).

Results: All modules passed tests.
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B. SUBGROUP 2

I
B.1 Mechanical Shock - Module Serial Numbers - 1st Group 209, 211, 217,

228, 264

2nd Group 212, 217, 257,
271, 272

Method: MIL-STD-883, Method 2002, 30G peak

Results: 1st group of modules were mounted on metal fixtures using

double sided tape between bottom of module heat sink and fixture

surface. Modules mechanically passed shock test and were subjected

to and mechanically passed next subgroup test (vibration). Modules

were demounted from blocks preparatory to Constant Acceleration Test.

Visual inspection after demounting revealed glass fractures in the

wall seal glass at one or both ends of 4 of the 5 modules. Fractures

occurred apparently as a result of the demounting operation, not the

mechanical testing. The demount process consisted of cold soaking

modules/fixtures at -55*C for two hours to embrittle tape adhesive

then prying between module heatsink and special slots in fixture.

NOTE: Plastic covers on top of modules are attached with double sided

tape also and were removed at same time for constant acceleration test.

It was concluded cause of failure was due to prying heatsink from

fixture. This prying resulted in a concave bowing of the heatsink

and ceramic substrate thereby applying a tensile stress to the wall

seal glass. The removal of the plastic cover by prying between sub-

strate and end of cover wasnot considered as the cause since this

technique was developed during early module process development with-

out similar damage.
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Retest - A module holding fixture was designed and built to mount

the module using clamp screws. The surviving module (S/N 217) and

4 modules from the completed Life Test group were resubmitted to

Mechanical Shock Test. All modules passed.

B.2 Vibration, variable frequency

Method: MIL-STD-883, Method 2007, 20G

Results: 4 of 5 modules in 1st test group failed when modules de-

mounted from holding fixture. See para. B.1, Mechanical Shock for

details.

All modules in 2nd test group passed retest.

B.3 Constant Acceleration

Method: MIL-STD-883, Method 2001, 5KG, YI orientation

Results: No modules in Ist group submitted to test due to failures at

demounting.

All modules in 2nd group passed test.

B.4 Seal Test

B.4.1 Fine Leak

Method: See para. A.5.1 (Method and Results)

Results: 4 rejects from 1st test group not submitted to test.

All modules in 2nd group passed test.
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I B.4.2 Gross Leak

I Method: See para. A.5.2

Results: 4 rejects from 1st test group not submitted to test.

j All modules in 2nd test group failed test. Failures caused by

cracked wall seal glass incurred during removal of plastic

Icovers prior to seal tests.

IIt was found necessary to remove the plastic cover before

performing either seal test for the following reasons:

During fine leak testing the plastic cover absorbs helium gas

during pressure bombing. During readout the helium desorbs

from the plastic creating an artificially high reading which

exceeds the maximum allowable leak rate. In gross leak, low

boiling point electronic fluid trapped between the module and

and plastic cover during pressure bombing creates a continuous

stream of bubbles when immersed in high boiling point electronic

fluid. This masks any true leak site.

Seventeen modules were submitted for plastic cover removal.

Post removal inspection disclosed seven modules had cracked

glass at one or both ends. Cause of failure was determined

to be human initiated. The operator performing the task cold

soaked modules at -55*C for 15 to 30 minutes instead of two

hours as required by process instruction. Lack of adequate

soak time allowed sufficient residual strength in the tape

adhesive to transfer tensile stress to the wall glass when
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the cover was pryed from the substrate. Modules with margin-

ally low glass strength broke.

As corrective action the operator was retrained to the pro-

visions of the process instruction. The process instruction

was revised to add fine and gross leak testing after cover

removal to assure damaged or defective modules are removed

from the lot.

B.5 Visual Inspection

Method: See para. A.6

Results: 4 damaged modules from 1st test group not inspected with

this Subgroup. All modules in 2nd test group failed due to wall

seal glass cracks on one or both ends of wall.

B.6 Electrical Tests

Method: See para. A.7

Results: All modules passed test except S/N 257. S/N 257 failed

functional test after Seal Test prior to Final Electrical Test.

Failure was manifested by drop in output power to approximately

half level. Failure analysis revealed one group of cells in output

transistor Q3 burned-out plus a crack in the substrate in the input

drive region. It was postulated the crack caused a phase change in

the input drive circuit. The resulting change in output power and

load characteristics caused Q3 to burn-out. Q3 is considered to be

202
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an induced failure. S/N 257 suffered seal glass damage during im-

proper plastic cover removal prior to Seal Test (see para. B.4.2 -

Results). The substrate crack may have been induced during cover re-

moval, seal test pressure bombing, or from thermal stress during

immersion into +125*C electronic liquid for Gross Leak Testing.
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C. SUBGROUP 3 - Module Serial Numbers 209, 211, 228, 264, 274 I

C.1 Salt Atmosphere

Method: Requirement MIL-STD-883, Method 1009, 24 hours. Method used:

MIL-STD-202, Method 101 , 24 hours. Modules were tested in a salt

chamber of MESO's Standards Engineering Laboratory. The chamber is

used to evaluate a variety of electronic and electrical components and

is adjusted to meet MIL-STD-202 requirements. Salt concentration is

approximately seven times greater when chamber is set to test to 
-202

method.

Results: External solder coated copper conductor runs were 
dull gray

due to reaction to salt environment. Discoloration is cosmetic only

since solder coating is used to prevent oxidation of copper runs.

Gold plated R.F. and D.C. contacts passed test with no evidence 
of

corrosion.
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D. LIFE TEST - Module Serial Numbers 163, 202, 212, 235, 250, 251, 255, 257,

271, 272

Method: Test in SSR Burn-In Test Rack under conditions specified in R.F.

I Power Module Specification 77AI00244, Table II, Step 7 except test for

3 1000 hours minimum. After Life Test completed test modules per 77AI00244,

Table III, except tests 4, 5, 6, 7, 8, 9 and 20 not required.

I Results: Three (3) modules passed all tests performed (S/N's 250, 271, and

272). Module S/N 255 failed just prior to termination of Life Test. Module

S/N 257 failed electrical test at end of Subgroup 2 (Mechanical S.G.) and

was not subjected to Life Test final electrical testing (see para. B.6 -

Results).

NOTE: Output Pulse Rise Time (Testl7), and Output Pulse Fall Time (Test 18)

from Table III test requirements werenot performed on any Life Test modules.

The maximum allowed time for both tests is 0.15 microseconds. This limit

I exceeds the short pulse measurement capability of the automatic test

equipment.

SIN 255 failed during the last week of Life Test after more than 800 test

j Ihours had accrued. Failure cause was determined to be cracked bias line

filter capacitors. One (C6) failed catastrophically by short circuit to

28 VDC. Two ceramic chip capacitors (C6 and C7) were butt mounted end to

end on a common substrate solder pad. Thermal expansion during operation

I created mutual mechanical stress on the capacitors causing eventual capac-

itor failure. This condition was also noted in production modules. Correc-

tive action has been implemented on production modules using a small hairpin

2
I
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shaped loop on buss wire under the common terminal of each capacitor.

This tilts each capacitor upward on the common substrate solder pad and

separates the capacitors. A restricted amount of solder is used to form

a solder fillet between each capacitor terminal, its portion of the buss

wire and the solder pad. An angled air gap is formed between the common

capacitor terminals to accommodate thermal excursions.

Modules 163, 202, 212, 235, and 251 failed Final Electrical Test due to

pulse breakup at -40*C. The first four modules exhibited pulse breakup

at VSWR of 1.3 to 1. S/N 251 failed catastrophically at VSWR of 2.0 to

1. Since the special test program to perform final electrical tests on

Life Test units was only developed as part of the Qualification Test

Program, none of the Life Test modules were tested for low temperature

pulse breakup prior to Qualification testing. Therefore, the capability

of the "failed" modules to initially pass low temperature pulse breakup

testing is not known.
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SAFETY STATEMENT FOR
MANUFACTURING TECHNOLOGY STUDY

ON RF POWER MODULE PACKAGING TECHNIQUES

1.0 Introduction

This safety statement covers the safety engineering aspects

of a Manufacturing Technology Study, Contract N-00039-79-C-0378.

These safety aspects covered both proposed and actually imple-

mented designs, materials, processes, and tests.

2.0 System

This study program was performed to improve the manufac-

turability of the RF Power Modules and was broken into the follow-

ing sub-tasks:

1. Improve the direct bond copper process.

2. Improve the glass sealing process.

3. Develop a lid sealing process for non-kovar lids.

4. Fabricate a sample lot of improved RF power modules

and test them with improved test equipment.

5. Debug software/hardware for module test and complete

test procedures.

3.0 Conclusions

The general results of this study show that the RF module's

design is inherently safe to manufacture, to test, and to use.

A special warning label has been designed and is affixed

to the finished RF modules. This label advises operating and

maintenance personnel that the module contains small amounts of

Beryllia (BeO).
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Twenty-five (25) Material Safety Data Sheets (MSDS) were

submitted for all new or potentially hazardous materials used

during the manufacturing sub-tasks. These MSDS's detailed all

necessary safety criteria for each material.

4.0 Discussion

The potentially hazardous materials used during the study

are listed with their MSDS file numbers in Exhibit A. The

individual MSDS's were submitted as part of the referenced

progress reports.

For convenience these materials are grouped in accordance

with the most significant sub-task applicability. That is, there

are ten MSDS's applicable to sub-task 1, the development of the

direct bond copper process. These are further divided into three

used in alumina substrate processing, five used in copper process-

ing, and the last two in copper bonding.

The personnel using all these materials have been informed

of the correct use, handling and disposal procedures.

A special warning label was prepared for the RF power module

stating that it contained BeO (Beryllia). This was done because

beryllium compounds have been identified as potentially carcino-

genic. In normal RF module handling the BeO carrier cannot be

contacted by personnel. So the warning label is intended to cau-

tion maintenance or failure analysis personnel who might attempt to

take the sealed RF module apart.

5.0 References

Progress Reports #1 through #18 inclusive.

• Balko
TPS-59 Safety Engineer
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I APPENDIX N

MFG. CONTROL DOCUM4ENT PIA #770609398
* NEW OXIDE REU1OVAL PROCESS
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1 THICK IL PIA &MET Date: 8-4-8j__Av. ?.n PIlet. q55 (Uc)

CIrcui t: power Module Systm:sS.,R, WAI
SK/Dwg: 7760398 Rev. A Pk:_

Squb.-qre to. W1 PRINTED W.ALL INPUT REQO
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I

jNote: 0 Direct Bond Copper Flange On left end to be cut.
Where indicatpjAjke b a H&4 tjr Pads in lower let corner.

See Attached Sketch, Use Kelvir Probes Where Indicated.

Q922 -G.E1 Pt. 1o. 7 60584 36
417 . G.E Pt. lo. o580 64

R f 1 2 7 9 10 11 12 13114 11
NOM

TOL

ha --- -- -- -- --- -- -. ---- --
~.. .. . . . . . . . . .... ...a
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APPENDIX 0

MFG. CONTROL DOCUMENT PIA v7244612PI

NEW COPPER? SPHERE PROCESS
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CPTA SHEET1O Onto: 1-22-81 Rev. - Pilot 995', S(A

Circuits COPPER SPHERES SysteM: S..P WA: s______

Dwg: 7244~612P1 Rev._. k: -

INPUT REQO DI OUTPUT REQD[J

No OPERATIOJN -- ( Z OPER DATE QUANTITyj
NAME C1IN OUT

22- ~~ - - -id-----------1.1.12

120 Foute To Bond3 R(j o St, ockS Ca - - -

II , d~ e -ng - - - - - -- - -

I __ __ - - - - ---- ---- ---

Sam_ - - - -
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APPENDIX P

MFG. CONTROL DOCUMENT PIA #7248543P1

NEW COPPER CERAMIC WALL BLANK PROCESS
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COPPER OXIDATION Data% Fi I ft ev. :?. File. 030 W (A)

circuit. 1;jlpk~rr"I systemzS.S.R. WA, j_______

DWG. :7-04854Ap Rev. _ Pkg,:

INPUT REQD
OUTPUT REQO

NO. OPERATION SI,- OPER DATE QUANTITY1
_ NAME 17IN] OUTI

j- Annea1Cqopipyri4 .103 Prt 3L

1.0 Roue To Bn R~ St ck Cabinet -- - - - - -

- ~~ ~ -1 ., I - - - - - -
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I

FIRED FILM THICKNESS

OPER. * _

LOCATION - - - - -II

JR # 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

i-_ 
-

lr

I 16 17 1 19 20 21 2 23-'2 25 26 _l2929

IN

TOL .. . .
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APPENDIX Q

MFG. CONTROL DOCUMENT PIA #7248571P1
NEW COPPER GROUND PLANE BLANK PROCESS
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COPPER OXIDATION

Circuits r,-,r . hGet Pfom, Systemt S.SR. WAI_..

v;. 7g48571pl _ Rev. - Pkgt_=_

INPUT REQD
OUTPUT REQO

OPERATON PlQUANTITYNO. O -O oPER DATE QUA
AoMOERTO N o. IN OUT

2 ADIn .,opPe LoLo03. PLrt 3
20 O1.l1e C 1.1 121
30 Flatten Conm r 1. 1, 0g f

40 Route To Boni Lng Rc c St, cek Ca A- net

Proces. 
nageIn
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- FIRED FILM THICKNESS

OPERt. *u- ,_._

LOCATION

0It f 1 2 3 4 5 7 8 9 10 11 12 13 14 15 _

T0L

'It # 16 17 lie 119 120 21- 22 123 1241, 25 26 2 8 29 30O

TOL

!2 2

1!----
| - -- - - - - - -

C - - - - - - - -
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